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2. ABSTRACT 

We propose  to   measure  the  spectrum  of   e lectrons  f rom 3 - 110 MeV and  the  spectrum 
and  e lementa l   composi t ion   o f   a l l   cosmic- ray   nuc le i   f rom  hydrogen   th rough  i ron   over   an  
energy  range  from - 1 - 500 MeV/nuc. I s o t o p e   s t u d i e s  w i l l  be  made from  hydrogen 
through  su l fur   f rom - 1 - 75 MeV/nuc.  These s t u d i e s  w i l l  p rov ide   i n fo rma t ion  on t h e  
e n e r g y   c o n t e n t ,   o r i g i n   a n d   a c c e l e r a t i o n   p r o c e s s ,   l i f e   h i s t o r y ,   a n d   d y n a m i c a l   c o n t r i -  
bu t ion   o f   cosmic   r ays   i n   t he   ga l axy   a s  wel l  a s   a n   u n d e r s t a n d i n g   o f   t h e   n u c l e o - s y n t h e s i s  
of   e lements   in   the   cosmic- ray   sources .   Par t icu lar   emphas is  w i l l  be p l aced  on low- 
energy phenomena t h a t   a r e   e x p e c t e d   t o   e x i s t   i n   i n t e r s t e l l a r   s p a c e ,   b u t   c a n n o t  be 
observed  f rom  the  inner   solar   system. I n  a s i m i l a r  way e l e m e n t a l   a n d   i s o t o p i c   s t u d i e s  
w i l l  p r o v i d e   d e f i n i t i v e   i n f o r m a t i o n  on t h e   o r i g i n   o f   t h e   J o v i a n   t r a p p e d   r a d i a t i o n   a s  
we l l  a s   t he   na tu re   o f   t he   d i f fus ion   and   a tmosphe r i c  loss p rocesses .  Our ins t rumen t  
package   should   g ive   da ta   over   the   comple te   Jovian   encounter   t ra jec tory   as  well  a s  
o f f e r i n g   h i g h   s e n s i t i v i t y   f o r   e x p l o r i n g   t h e   m a g n e t o s p h e r e   o f   S a t u r n .   F i n a l l y ,   t h e s e  
s t u d i e s  w i l l  p rov ide   an   unde r s t and ing   o f   t he   t r anspor t   o f   cosmic   r ays   ove r   an   ex tended  
r eg ion   o f   i n t e rp l ane ta ry   space   and  a de te rmina t ion   of   the   loca t ion   of   the   modula t ion  
boundary. A m a j o r   c o n t r i b u t i o n   t o   a l l   t h e s e   a r e a s  i s  t h e   f a c t   t h a t  we can  measure 
s t r eaming   pa t t e rns   o f   nuc le i   f rom H through Fe and e l ec t rons   ove r   an   ex tended   ene rgy  

. r ange ,   w i th  a p r e c i s i o n   t h a t  w i l l  a l l o w   d e t e r m i n a t i o n   o f   a n i s o t r o p i e s  down t o  0.1%. 

c. 

The c h a r a c t e r i s t i c s   o f   t h e   t h r e e   d e t e c t o r   s y s t e m s  we have   deve loped   to  make 
these   measurements   a re   ou t l ined  on the  fol lowing summary page. The requi red   combina t ion  
o f   c h a r g e   r e s o l u t i o n ,   r e l i a b i l i t y   a n d   r e d u n d a n c e   c a n   b e s t  be achieved  with  systems 
c o n s i s t i n g   e n t i r e l y   o f   s o l i d - s t a t e   c h a r g e d - p a r t i c l e   d e t e c t o r s .  New developments   in  
s o l i d - s t a t e   d e t e c t o r   t e c h n o l o g y   s u c h   a s   a n t i c o i n c i d e n c e   g u a r d   r i n g s   a n d   c u r v e d   d e t e c t o r s  
a l l o w  one to   ach ieve   cha rge   and   ene rgy   r e so lu t ion   p rev ious ly   una . t t a inab le   even   on   Ea r th  
s a t e l l i t e s .   F i n a l l y ,  we  have   des igned ,   t e s t ed   and   ca l ib ra t ed  a  new, ve ry   l i gh t   cosmic -  
r a y   e l e c t r o n   d e t e c t o r   s y s t e m   f o r   t h e   c r u c i a l  3 - 110 MeV r e g i o n .  

iii 
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3 .  EXPERIMENT SUMMARY CHART 

INTERSTELLAR  COSMIC-RAY AND PLANETARY  MAGNETOSPHERES  EXPERDENT 

This e x p e r i m e n t   c o n s i s t s  of t h r e e   b a s i c   d e t e c t o r   s y s t e m s ,  a High-Energy  Telescope 
System (HETS),  a Low-Energy Telescope  System (LETS) ,and t h e   E l e c t r o n   T e l e s c o p e  (TET). 
E a c h   t e l e s c o p e   s y s t e m   c o n s i s t s   o f   a n   a r r a y   o f   s o l i d - s t a t e   d e t e c t o r s ,  and  multi-parameter 
a n a l y s i s  is performed  over  the  complete  charge  and  energy  range  (except  the  lowest 
p o r t i o n   o f   t h e  H and He s p e c t r a )  . 
Charge,  Isotope,  and  Enerpy Range 

Nuc le i  (Z = 1,2)   0 .15  - 1 MeV/nuc (S ing le   pa rame te r   ana lys i s )  
(1 2 4 30) - 1 - 500 MeV/nuc (Mul t i -parameter   ana lys i s )  

E lec t rons  N 3 - 110 MeV 

I so topes  (Z = 1 ,2 )  - 1 - 75 MeV/nuc (AM = 1) 
(3 5 2 5 8 )  - 2 - 120 MeV/nuc (AM = 1) 
(9 5 2 5 16) - 2 - 120 MeV/nuc (AM = 2)  

An i so t rop ie s  

Nucle i   0 .15  - 150 MeV/nuc (4 d i r e c t i o n s )  
? 150 MeV/nuc ( 2  d i r e c t i o n s )  

E lec t rons  3 - 10 MeV ( 3  d i r e c t i o n s )  

F lux  Dynamic  Range 

Nucle i  (- 1 - 8 MeV/nuc) l om6  t o  > lo4 cmm2 Si2C-l 

(> 108   can   be   a t t a ined   w i th  a simple mod i f i ca t ion )  

E lec t rons  (3  - 10 MeV) t o  > lo4 cm-2 set" 

Geometr ica l   Fac tors  

LETS 12 cmz-sr ( s ing le   pa rame te r )  
2 cm2-sr  (multi-parameter) 

HETS 4 - 8 cm2-sr  (energy  dependent) 
c 

TET 0.6 - 1.8 cm2-sr (energy  dependent)  

We igh  t 4.45  kg  (9 .8   lb) ,   including  s tepping  platform  for   anisotropy  measurements  

Power 4 .8  W 

- Volume  30 c m  x 30 cm x  20 cm h i g h   e l e c t r o n i c s   b o x   w i t h   d e t e c t o r   a s s e m b l i e s  

- 
ex tend ing  a maximum o f  1 5  cm a d d i t i o n a l .  

Thermal -4OOC t o  +35OC maximum, -2OoC t o  +15OC p r e f e r r e d .  

C a l i b r a t i o n   S e l f - c a l i b r a t i n g   i n   f l i g h t .  HET/LET and HET/TET energy   ranges   over lap .  

A l l o w a b l e   M a t e r i a l   i n   F i e l d  of  View 
0 mg/cm2 f o r  HET (SI), 50 mg/cm2 f o r  HET (S2 t P)  
0 f o r  LET 

<IOO mg/cm2 f o r  TET 
1 



4 .  S c i e n t i f i c   O b j e c t i v e s  

(I) One b a s i c   g o a l   o f   t h i s   e x p e r i m e n t  w i l l  b e   t o   m e a s u r e   t h e  spectrum of 
e l e c t r o n s  and the   spec t rum  and   e lementa l   and   i so topic   composi t ion   o f   a l l   cosmic-  
ray   nuc le i   f rom  hydrogen   to   i ron   and   beyond.   Mul t i -parameter   ana lys i s   o f   these  
cha rge  and  mass  components  and t h e i r   s t r e a m i n g   p a t t e r n s  w i l l  be  made a t   e n e r g i e s  
down t o  - 1 MeV. The o b j e c t   o f   t h e s e   s t u d i e s  w i l l  b e   t o   u n d e r s t a n d   t h e   n u c l e o -  
s y n t h e s i s   o f   e l e m e n t s   i n   t h e   c o s m i c - r a y   s o u r c e s   a n d   t h e   o r i g i n   a n d   a c c e l e r a t i o n  
p r o c e s s ,   l i f e   h i s t o r y ,   a n d   d y n a m i c   c o n t r i b u t i o n  of  cosmic   rays   in   the   ga laxy .  
P a r t i c u l a r   e m p h a s i s  w i l l  be  placed on  low-energy phenomena t h a t   a r e   e x p e c t e d   t o  
exist i n   i n t e r s t e l l a r   s p a c e   b u t   c a n n o t   b e   o b s e r v e d   f r o m   t h e   i n n e r   s o l a r   s y s t e m .  

(11) A second   ob jec t ive  w i l l  b e   t o   s t u d y   t h e   ( t r a p p e d )   p l a n e t a r y   e n e r g e t i c -  
p a r t i c l e   e n v i r o n m e n t   i n   t h e   J o v i a n   r a d i a t i o n   b e l t   a n d   i n   t h e   a l m o s t   t o t a l l y  unknown 
e n v i r o n m e n t   o f   S a t u r n ,   w i t h   t h e   s p e c i f i c   o b j e c t i v e   o f   d e t e r m i n i n g   t h e   o r i g i n   o f  
t h e s e   b e l t s .  

(111) A t h i r d   g o a l  w i l l  b e   t o  make comprehens ive   measurements   o f   the   in tens i ty  
a n d   d i r e c t i o n a l   c h a r a c t e r i s t i c s  of t h e   e n e r g e t i c - p a r t i c l e   p o p u l a t i o n   ( s o l a r  and 
g a l a c t i c   c o s m i c - r a y   n u c l e i   a n d   e l e c t r o n s )   a s  a func t ion   of   rad ia l   d i s , tance   f rom  the  
sun .   The   ob jec t   o f   these   s tud ies  i s  t o   u n d e r s t a n d   t h e   t r a n s p o r t   ( m o d u l a t i o n )   o f  
cosmic   r ays   ove r   an   ex tended   r eg ion   o f   i n t e rp l ane ta ry   space ,  and t o   d e t e r m i n e   t h e  
loca t ion   of   the   modula t ion   boundary .  

4a.  

and 
and 
t h e  

Experiment   Rat ionale  

Numerous cosmic-ray  experiments  have  been made on s p a c e   p r o b e s   n e a r   t h e   e a r t h ,  
e x t e n d i n g   o u t   t o   p e r h a p s   s e v e r a l  AU from t h e   s u n   i n   t h e   c a s e  of t he   P ionee r  10 
G miss ions .  It i s  f a i r   t o   a s k  what  can  the  present  experiment  achieve  beyond 
past achievements   or   those  expected  f rom  Pioneers  10 and G.  

Bas i ca l ly ,   t h i s   expe r imen t   package   bu i ld s  upon t h e   h i g h l y   s u c c e s s f u l  new 
t e l e s c o p e  employed  by t h e  GSFC-UNH group on the   P ionee r  10 and G s p a c e c r a f t  - a 

' t e l e s c o p e   t h a t  employed f o r   t h e   f i r s t  time the   t echn ique   o f   mu l t i -pa rame te r  
a n a l y s i s   a n d   c o n s i s t e n c y   c r i t e r i a   t o   d e t e r m i n e   c o s m i c - r a y   c h a r g e   s p e c t r a .   T h e  
proposed   h igh-energy   te lescope   uses   curved   dE/dx   te lescope   e lements   in  a unique 
double-ended  "thick-thin"  arrangement.   The  use  of  curved  elements  not  only 
g r e a t l y   r e d u c e s   t h e   e f f e c t s   o f   p a t h   l e n g t h   d i f f e r e n c e s   b u t   a l s o   a l l o w s   s i g n i f i -  
c a n t l y   l a r g e r   g e o m e t r i c a l   f a c t o r s   t o   b e   e m p l o y e d .  The charge  and mass r e s o l u t i o n  
of  prev ious   cosmic- ray   t e lescopes   used   in   space   inc luding   those  on P ionee r  10 and 
G has   been   l imi t ed   by   t he   pa th - l eng th   e f f ec t ;  now i t  w i l l  b e   p o s s i b l e   t o   a c h i e v e  
c h a r g e   r e s o l u t i o n  up t o  a Z x 30, a n d   i s o t o p e   r e s o l u t i o n  up t o  Z - 8 ( f o r  &M = 2 ,  
i s o t o p e   r e s o l u t i o n   u p   t o  a 2 M 1 6 ) .  The   use   o f   mul t i -parameter   ana lys i s   p lus  
c o n s f s t e n c y   c r i t e r i a   a l o n g   w i t h  a guard  counter   arrangement  w i l l  e f f e c t i v e l y  
e l imina te   background   a s  a p r o b l e m   a f f e c t i n g   r e s o l u t i o n .   T h i s   a s s u r e s   t h a t   t h e  
u l t i m a t e   s o l i d - s t a t e   d e t e c t o r   r e s o l u t i o n  w i l l  b e   o b t a i n e d   f o r   t h e   f i r s t  time. 

We w i l l  have a g e o m e t r i c a l   f a c t o r  - 8 cm2-sr f o r   n u c l e i .   T h i s  i s  a f a c t o r  
v 4 times l a r g e r   t h a n   t y p i c a l   e a r t h   s a t e l l i t e   s y s t e m s   u s e d   i n   t h e   p a s t  (- 40 times 
l a r g e r   t h a q   t h e   t e l e s c o p e s  now on Pioneer  10 and   G) .   Th i s   l a rge   geomet r i ca l   f ac to r  
i s  of v i t a l   i m p o r t a n c e   i n  many a reas ;   fo r   example ,  we expect t o   o b s e r v e  - 10,000 Be 
o r   F e   n u c l e i   i n   o n e   y e a r . .   I s o t o p e s   s u c h   a s  1OBe and less abundan t   nuc le i   such   a s  
K and N i  have  abundances - 0.1  Fe  and w i l l  b e   e a s i l y   s t u d i e d   i n   t h e   p r o p o s e d  
exper iment ,   whereas   th i s   has   no t   been   poss ib le  on any of   the   p rev ious  IMP, OGO o r  
P ioneer   sys tems.  

We a l s o  expect t o   o b s e r v e   a n i s a t r o p i e s   o f  - 0.1% over   reasonable   energy  
i n t e r v a l s   i n   o n e   y e a r .   . S u c h   s e n s i t i v i t y  i s  comple te ly   ou t   o f   the   range   of   the  
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presen t   P ionee r   10   and  G t e l e s c o p e s   o r   o f   t e l e s c o p e s   t h a t   w o u l d   u t i l i z e   t h e   p l a n n e d  
r o l l   p e r i o d s   o f   t h e  MJS s p a c e c r a f t .  

The  proposed  experiment w i l l  p l ace   pa r t i cu la r   emphas i s  on the  low-energy 
ga lac t i c   nuc le i   t ha t   can   be   obse rved   ou t s ide   o f   t he   so l a r   cav i ty .   Mul t i -pa rame te r  
a n a l y s i s  w i l l  be   extended down t o  - 1 MeV/nuc f o r   p r o t o n s   a n d   h e a v i e r   n u c l e i  up t o  
i r o n .  A t  t h e  same time the   i n s t rumen t  w i l l  p r o v i d e   a c c u r a t e   s p e c t r a   u p   t o  - 500 
g n u c  and   above ,   for  a d i r ec t   compar i son   w i th   t he   comprehens ive   da t a   ava i l ab le  
n e a r   t h e   e a r t h .  

The  instrument  package w i l l  i n c l u d e  a l i g h t w e i g h t   e l e c t r o n   d e t e c t o r   t o   c o v e r  
the   range   f rom - 3 MeV t o  b 110 MeV, t o   s t u d y   t h i s   c o m p o n e n t   i n   a n   e n e r g y   r a n g e  
where  nothing a t   a l l  is known a b o u t   t h e   g a l a c t i c   s p e c t r u m .  Here t h e   s o l a r   m o d u l a t i o n  
a n d   i n t e r p l a n e t a r y   r a d i a l   g r a d i e n t   e f f e c t s   a r e   v e r y   u n c e r t a i n   a n d   a r e   f u n d a m e n t a l   t o  
o u r   u n d e r s t a n d i n g   o f   t h e   t r a n s p o r t   o f   l o w - r i g i d i t y   p a r t i c l e s   i n   t h e   i n t e r p l a n e t a r y  
medium . 

We b e l i e v e   t h a t   i n  a snapsho t - type   exp lo ra to ry   f l y -by   mi s s ion ,   t he   i n s t rumen ta t ion  
phi losophy  for   the   explora t ion   of   p lane tary   magnetospheres   should   no t   be   the  same a s  
f o r   a n   o r b i t e r .  The e l emen ta l  and i s o t o p i c   r e s o l u t i o n   a n d   t h e   s e n s i t i v i t y   a n d  
d i r e c t i o n a l   c h a r a c t e r i s t i c s   o f   t h e   c o s m i c - r a y   t e l e s c o p e s   o f   t h i s   e x p e r i m e n t  w i l l  serve 
exce l len t ly   for   the   whole   encounter   wi th   the   nominal -model   Jovian   magnetosphere   and  
ove r   t he  full range  o f  weaker   magnetospheres   as   might   be   the   case   for   Sa turn .   I f  
Pioneers   10  and G shou ld   encoun te r   f l ux  levels s i g n i f i c a n t l y .   h i g h e r   t h a n   t h o s e  
p red ic t ed  by the  nominal  model,  we a r e   p r e p a r e d   t o  accommodate t h e s e   h i g h e r   f l u x  
levels w i t h  a s imple   mod i f i ca t ion   t o   one   o f   ou r   l ow-ene rgy   t e l e scopes .  

5 .  S p e c i f i c   R e s u l t s   t o   b e   E x p e c t e d  

An ex tens ive   and   comprehens ive   d i scuss ion   o f   t he   s c i en t i f i c   ob jec t ives   o f   t he  
1 MJS miss ions   has   been   p re sen ted   i n   t he   r epor t   o f   t he   Ene rge t i c -Pa r t i c l e s  Team of 

t h e   m i s s i o n   d e f i n i t i o n   p h a s e .  We s h a l l   c o n s i d e r   h e r e  some o f   t he  more  important 
s p e c i f i c   r e s u l t s   t o   b e   e x p e c t e d  from t h i s  experiment. 

I. G a l a c t i c  Phenomena 

S i n c e   t h e  MJS m i s s i o n s   a r e   d e s i g n e d   t o   r e a c h   a t   l e a s t   1 0  AU (even i f  one 
ignores   t he   ex tended-miss ion   phase ) ,   one   can   conf iden t ly  expect t o  make t h e  
f i r s t   . i n   s i t u   s t u d i e s  o f   s c i e n t i f i c a l l y - s i g n i f i c a n t   g a l a c t i c  phenomena. A t  
p r e s e n t   t h e   o b s e r v a t i o n a l   e v i d e n c e   b e a r i n g  on t h e   q u e s t i o n   o f   r e a c h i n g   i n t e r s t e l l a r  
space  (see Sec .  5 I I I B )  i nd ica t e s   t ha t   t he   e f f ec t ive   cosmic - ray   modu la t ion   boundary  
l ies w i t h i n  10 AU. 

A.  Measurements  of  Cosmic-Ray  Nuclei 

A measu remen t   o f   t he   spec t rum  and   t o t a l   i n t ens i ty  of ga l ac t i c   cosmic - ray  
p ro tons   and   heav ie r   nuc le i  down t o   e n e r g i e s  6 1 MeV/nuc is' of  fundamental   importance.  
Low-energy g a l a c t i c   p a r t i c l e s   d o   n o t   r e a c h   t h e   e a r t h   b e c a u s e   o f   i n t e r p l a n e t a r y  
e n e r g y   l o s s .  A l l  n u c l e i   o f   e n e r g i e s  less than  a few  hundred MeV/nuc observed a t  
e a r t h   a r e   b e l i e v e d  t o  o r i g i n a t e   a s   n u c l e i   o f   c o n s i d e r a b l y   h i g h e r   e n e r g y   i n   t h e  
ga l axy   because   o f   t h i s   ene rgy  lo s s .  Therefore ,   th i s   measurement  w i l l  p r o v i d e   t h e  
f i rs t  d e t e r m i n a t i o n   o f   t h e   t o t a l   i n t e r s t e l l a r   c o s m i c - r a y   e n e r g y   d e n s i t y   w h i c h  i s  
a b a s i c   q u a n t i t y   o f   i m p o r t a n c e   i n   g a l a c t i c   d y n a m i c s   a n d   i n   t h e   u n d e r s t a n d i n g   o f   t h e  
e v o l u t i o n   a n d   s t a b i l i t y  of t h e   g a l a c t i c   d i s k   s t r u c t u r e .  

The  proposed  detai led  measurementsof   the  spectrum  and  abundance  of   the 
ind iv idua l   cosmic - ray   nuc le i   a l l ow  the   s tudy   o f  two pa r t i cu la r ly   impor t an t   p rob lems .  
One i s  a de te rmina t ion   of   the   in jec t ion   spec t rum  and   source   abundance   of   the   nuc le i ,  
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t h e   o t h e r  is an   unders tanding   of  
the p ropaga t ion   o f   t he   cosmic   r ay  
n u c l e i   i n   t h e   g a l a x y .   T h e s e  two 
problems are  c l o s e l y   i n t e r t w i n e d  
in   t he   cosmic - ray   da t a   and  we s h a l l  

cnGabctieSprchmfrorn 
m n t s  d Ha4 modubtii measurements  and  what  they  can t e l l  

- now g i v e  some examples of s p e c i f i c  

obundan~r of HX a n3 : us  about  these  problems  and how 
t h e y   r e l a t e   t o  sme o f   t h e   l a r g e r  
q u e s t i o n s   o f   g a l a c t i c   a s t r o p h y s i c s .  

(1) Measurements 
r e l a t i n g   t o   t h e   s p e c t r a   a n d  
abundance   o f   ce r t a in   gene r i ca l ly -  
re la ted  pr imary  and  I ' secondary" 
8 roups   o f   nuc le i .  One such  group 
of n u c l e i  i s  t h e   s o - c a l l e d   " q u a r t e t " -  

F ig .  5-1. Hel ium  spectra   observed a t   e a r t h  lH, 2H , 3He , 4He. The secondary  
and limits on p o s s i b l e   s p e c t r a   i n   i n t e r -  n u c l e i  2H and 3He a r e  produced  almost 
s te l la r  space.  e n t i r e l y  from 4He, a n d   t h e i r  

p r o d u c t i o n   c r o s s   s e c t i o n s   a r e  well 
known. A c a r e f u l   s t u d y   o f   t h e  spectrum of these   components   can   therefore   p rovide  
in fo rma t ion  on t h e   i n j e c t i o n  spectrum of  4He and  on the   p ropaga t ion   and   l i f e t ime   o f  
4He n u c l e i   i n   t h e   g a l a x y .   A l r e a d y  i t  i s  c l e a r   f r o m   t h e  work  of J. P. Meyer t h a t   t h e  
.4He spec t rum  must   c lose ly   resemble  a to ta l -energy   spec t rum a t  ene rg ie s  P_ 300 MeV. 
Be*that energy ,   because  of a d l ~ a ~ ~ c - e ~ n e , ~ ~ ~ , ~ - ~ , , - ~ ~ n ~ i ~ ~ ~ r p l a n e t a r ~ ~ ~ a ~  
~ - - ~ ~ ~ ~ , - ~ . a n a * r r - ~ ~ ~ ~ ~ ~ - * - C  i n t e r s - e c t r u i f i f i .  ,*.%.-.-* Some p o s s i b i l i t i e s   f o r  tTeTw2;nergy He spectrum 
are  i n d i c a t e d   i n   F i g u r e  5-1. A major   goa l   o f -our   exper iment  w i l l  be   t o   measu re   t h i s  
%e spectrum a n d   t h e   r e l a t e d   o n e s   f o r  zH and 'He. B e c a u s e   o f   t h e   r e l a t i v e l y   l o n g  
interact ion-M.F.P.   of   the   secondary 2H and 3He n u c l e i  (> 10 g/cm2) i n   i n t e r s t e l l a r  
hydrogen  one may u t i l i z e   t h e s e   d a t a   t o  examine s p a t i a l   s t r u c t u r e  on t h e   s c a l e  of t h e  
en t i re   ga laxy ,   e .g . ,   these   measurements  w i l l  b e   v a l u a b l e   f o r   u n d e r s t a n d i n g   t h e   r a t e  
of .  e s c a p e   o f   c o s m i c   r a y s   t o   i n t e r g a l a c t i c   s p a c e  and r e l a t ed   p rob lems ,  To examine  the 
propagat ion  on a f i n e r   s p a t i a l   s c a l e  i t  i s  n e c e s s a r y   t o   s t u d y   t h e   s p e c t r u m ,   i n t e n s i t y ,  
a n d   i s o t o p i c   c o m p o s i t i o n   o f   L i ,  Be, and B n u c l e i ,   w h i c h   a r e   p r i m a r i l y   r o d u c t s   o f  
C and 0 i n t e r a c t i o n s   i n   t h e   g a l a x y   w i t h   a n   i n t e r a c t i o n  M . F . P . ' ~  5 g/cm . In  a d d i t i o n ,  
t o  form a comple te   p ic ture   o f   cosmic- ray   mot ion   in   the   ga laxy   and   to   compare   the  
source i n j e c t i o n   s p e c t r a   f o r   d i f f e r e n t   c h a r g e s  it i s  necessa ry   t o   s tudy   t he   f r agmen-  
t a t i o n   p r o d u c t s  of  Fe (Z = 17 - 25  nuc le i ) ,   which   provide   in format ion   on   the   very  
s h o r t   p a t h   l e n g t h   d i s t r i b u t i o n   o f   t h e   p a r e n t   n u c l e i  (< 2 g/cm2). 
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The   de t a i l ed   cosmic - ray   i n j ec t ion   spec t r a   and   sou rce   e l emen ta l  
abundances   over   the   en t i re   range   f rom Z = 1 - 30  which are determined  from  these 
s t u d i e s  may be   u sed   t o   unde r s t and   t he   acce le ra t ion   and   e scqpe   p rocesses   o f   cosmic  
r a y s  a t  t h e   s o u r c e s ,   a n d   t o   p r o v i d e   i n p u t   t o   t h e   t h e o r i e s   . o f   n u c l e o s y n t h e s i s   i n  
t he   cosmic - ray   sou rces .   These   da t a  w i l l  b e   f r e e   o f   a n y   e f f e c t s   d u e   t o   s o l a r  modula- 
t i on ,   and   t he   add i t ion   o f   i so top ic   measu remen t s  w i l l  more r i g i d l y   d e f i n e   s e v e r a l   o f  
the p a r a m e t e r s   e n t e r i n g   i n t o   t h e   c a l c u l a t i o n s   o f   n u c l e o s y n t h e s i s   ( e . g . ,  a d e t e r -  
mina t ion   o f   t he  13C/12C, 2%e/22Ne, 28S i /30S i ,   r a t io s ) .  

(2)  Measurements  of  the  low-enerpy  part  of t h e   s p e c t r a  of a l l  n u c l e i .  
A t  low ene rg ie s ,   because  or' t he   i on iza t ion - range   r equ i r emen t s ,  we a re   s ampl ing  a 
v e r y   l o c a l   d i s t r i b u t i o n  of ga l ac t i c   cosmic   r ays .   Fo r   example ,   t he   r ange   o f  a 
1 MeV p r o t o n   i n   t h e   t y p i c a l   g a l a c t i c   m a g n e t i c   f i e l d s  i s  - 200 PC w i t h  a l i f e t i m e   o f  - lo4 y e a r s .  A comparison  of  chemical  abundances a t  low  and h i g h   e n e r g i e s  w i l l  
b e   c r u c i a l   t o   t h e   s e p a r a t i o n   o f   f e a t u r e s   r e l a t e d   t o   t h e   c o s m i c - r a y   i n j e c t i o n   a n d   t o  
t h e   s u b s e q u e n t   p a r t i c l e   p r b p a g a t i o n   i n   t h e   g a l a x y .   P o s s i b l e   n e a r b y   s o u r c e s ,   s u c h  
a s   p u l s a r s ,  may a l s o   b e   i d e n t i f i e d   b y   t h i s   t e c h n i q u e .  
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Compositional  changes 
a t  low e n e r g i e s  may i n d i c a t e  
l o c a l i z e d   p r o p a g a t i o n   e f f e c t s ,  
and   even   the   ex is tence   o f   sepa-  
r a t e  and  local ized  cosmic-ray 
sources .   F igu re  5-2  shows  some 
p red ic t ions   o f   t he   va r ious   p ropa -  
gat ion  models   showing  changes  in  
t h e  He/VH (VH means  20 2 5 30) 
r a t i o   t o   b e   e x p e c t e d   a s  a f u n c t i o n  
o f   e n e r g y   a l o n g   w i t h   c u r r e n t   l i m i t s  
o n   t h i s   v e r y   s e n s i t i v e   r a t i o   a t  
h i g h e r   e n e r g i e s .  

The specif ic  d e t a i l s  
of   the  low-energy  spectra  - 
p a r t i c u l a r l y   f o r   t h e   h e a v i e r   n u c l e i  - 
a re   p ro found ly   impor t an t  from t h e  

F i g .  5-2. HeliumfVH r a t i o   a s  a f u n c t i o n   p o i n t   o f  view o f   t h e   r o l e  of  cosmic 
of energy. rays   in   the   dynamics   o f   the   ga laxy .  

To   de te rmine   the   ro le   o f   cosmic  
r a y s   i n   t h e   h e a t i n g   o f   t h e   i n t e r s t e l l a r  medium by i o n i z a t i o n   l o s s ,   a n d   i n   g a l a c t i c   x - o r  
Y - r a y   p r o d u c t i o n   r e q u i r e s   t h e   s t u d y   o f ' t h e   s p e c t r a  of t h e   n u c l e i   a t   t h e   l o w e s t  
e n e r g i e s ;   t h e   h e a v i e r   n u c l e i  may p lay  a ve ry   impor t an t   ro l e   because   o f   t he  Z2  e f f e c t .  

I n  a l l  c a s e s   o u r   m u l t i - d i m e n s i o n a l   p u l s e   h e i g h t   a n a l y s i s   e n e r g y  limits 
w i l l  ex t end   be low  the   nuc lea r   b ind ing   ene rgy   t h re sho lds  of N 6 MeV/nuc. Th i s  w i l l  permi t  
t he   s tudy   o f   any   unusua l   abundances   t ha t   migh t  be r e l a t e d   t o   n c c l e a r   r e a c t i o n s   o c c u r r i n g  
i n  t h e   c o s m i c - r a y   s o u r c e s   o r   i n   t h e   i n t e r s t e l l a r  medium. 

(3 )  S t u d y   o f   t h e   p a r t i c l e   f l o w   p a t t e r n s   ( a n i s o t r o p i e s )   o f   p r o t o n s   a n d  
he l ium  nuc le i .  We b e l i e v e   t h a t  a s t u d y   o f   t h e   a n i s o t r o p i e s   o f   g a l a c t i c   c o s m i c   r a y s  
below 500 MeV/nuc and down t o   t h e   l o w e s t   p o s s i b l e   e n e r g i e s  w i l l  b e   e s p e c i a l l y   f r u i t f u l .  
I n  Tab les  7 - 1 1  and 7 - 1 1 1  we i n d i c a t e  some o f   t he   an i so t ropy  limits we expec t   t o   measu re  
i n  the   va r ious   ene rgy   r anges .   A l though   t he   an i so t ropy   obse rved   nea r   ea r th   a t   ve ry   h igh  
e n e r g i e s  (a 100 BeV) is c e r t a i n l y   s m a l l ,   a n y   a t t e m p t   t o   e s t i m a t e   t h e   a n i s o t r o p y  of 
the bulk of   the   cosmic   rays  (1 BeV and below) a t   p r e s e n t  is s h e e r   s p e c u l a t i o n .  The 
magnitude of  the  anisotropy  might   vary  widely  with  energy  depending  upon  the d i s t r i -  
b u t i o n  of cosmic - ray   sou rces   i n   t he   ga l axy .  

I f  t h e   p a r t i c l e s   p r o p a g a t e   l o c a l l y   i n   t h e   g a l a x y  by d i f f u s i n g ,   o n e  
c a n   d i r e c t l y   r e l a t e   t h e   o b s e r v e d   v a l u e   o f   t h e   a n i s o t r o p y  8 t o   t h e   d i f f u s i o n   p a r a m e t e r s  
by 6 = X f L ,  where X = d i f f u s i o n  M.F.P.  and L i s  the   l eng th   s ca l e   o f   t he   cosmic - ray  
d e n s i t y   g r a d i e n t .   B e c a u s e   o f   r a p i d   a t t e n u a t i o n  by i o n i z a t i o n  loss t h e   a n i s o t r o p i e s  
of   low  energy   par t ic les  may be   l a rge .   Fo r   example ,   s ince   t he   r ange  of a 1 MeV pro ton  
is  - 200 PC, a t y p i c a l   g a l a c t i c   d i f f u s i o n  M.F.P. N 20 PC w i l l  g i v e   a n   a n i s o t r o p y   o f  - 1077 which i s  more  than  10  t imes  larger   than  our   expected LET s e n s i t i v i t y   a t  1 MeV. 

Even i f  l o c a l   d i f f u s i o n  i s  n o t   t h e   p r i n c i p a l  mode of p a r t i c l e   t r a n s p o r t  
i n   t h e   g a l a x y   o r  i f  z e r o   g r a d i e n t s   a r i s e   b e c a u s e   o f   t h e   s p e c i f i c   d e t a i l s   o f   t h e  
geomet ry   o f   ou r   l oca l   r eg ion ,   s imi l a r   gene ra l   cons ide ra t ions  s t i l l  hold   and   an iso t ropy  
measurements a t  low e n e r g i e s   c a n   h e l p   t o   r e s o l v e   t h e s e   a l t e r n a t i v e s .  

A b a s i c   p o i n t  i s  tha t   an i so t ropy   and   compos i t ion   s tud ie s   p rov ide  comple- 
mentary  . information on the   l oca l   cosmic - ray   sou rce   d i s t r ibu t ion   and   l oca l   p ropaga t ion  
pa rame te r s   i n   t he   ga l axy .  
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A study  of   the  anisotropy  of   low-energy  cosmic  rays  may b e   e s s e n t i a l  
t o   d e t e r m i n e   t h e   o r i g i n   o f   t h e   p a r t i c l e s   t h a t   a r e   o b s e r v e d .   I n d e e d   t h i s  may be 
necessa ry   t o   de t e rmine   whe the r  we a r e   a c t u a l l y   o b s e r v i n g   i n t e r s t e l l a r   c o s m i c   r a y s  
o r   n o t .   F 3 r   e x a m p l e ,   n e a r   t h e   s o l a r   c a v i t y   t h e r e  may be a l a r g e   f l u x   o f  ].ow-energy 
p a r t i c l e s   f l o w i n g   o u t w a r d ,   p a r t i c l e s   t h a t   h a v e   l o s t   e n e r g y   n e a r   t h e   s u n  by a d i a b a t i c  
coo l ing .  The f lux   cou ld  mask a low-energy   ga lac t ic  component,  and i t  w i l l  be   necessary  
t o   h a v e   d e t a i l e d   a n i s o t r o p y   m e a s u r e m e n t s   t o   i d e n t i f y   a n d   s e p a r a t e  them. 

B. Measurements  of  Electrons 

T h e   m e a s u r e m e n t   o f   t h e   g a l a c t i c   i n t e n s i t y   o f   e l e c t r o n s ,   s p e c i f i c a l l y   b e l o w  - 100 MeV, w i l l  have a p ro found   e f f ec t  on o u r   u n d e r s t a n d i n g   o f   t h e   r o l e   o f   t h e s e  
e l e c t r o n s   i n   p r o d u c i n g   t h e   d i f f u s e  x- and  Y-ray  background i n   t h e   g a l a c t i c   d i s k ,   i n  
unde r s t and ing   t he   dynamics   o f   t he   ga l ac t i c   d i sk -ha lo   magne t i c - f i e ld   r e l a t ionsh ip ,  
a s  well  a s   u n d e r s t a n d i n g   t h e  method of   escape   of   these   e lec t rons   f rom known source  
reg ions   in   the   ga laxy   such   as   the   Crab   Nebula .  

Above a few hundred MeV, t h e   e l e c t r o n   s p e c t r u m   n e a r   t h e   e a r t h  i s  r easonab ly  
well known,  and, a l though  less well u n d e r s t o o d ,   t h e   b r o a d   f e a t u r e s   o f   t h e   s o l a r  modu- 
l a t i o n   h a v e   a l s o   b e e n   e x t e n s i v e l y   m e a s u r e d   a n d   c a n   b e   a d e q u a t e l y   d e t e r m i n e d   a t   t h e  
o r b i t  o f  e a r t h .  The  understanding  of   the  modulat ion a t   r i g i d i t i e s  > 100 MV, t o   b e  
ga ined   f rom  the   s tudy   o f   nuc le i   on   t h i s   mi s s ion ,  makes i t  p o s s i b l e   t o   d e t e r m i n e   t h e  
g a l a c t i c   s p e c t r u m  of e l e c t r o n s  > 100 MeV o u t s i d e  of t h e   s o l a r   c a v i t y .   F u r t h e r m o r e ,  
u s i n g   e s t i m a t e s   o f   g a l a c t i c   r a d i o   e m i s s i v i t y   o b t a i n e d  from  measurements  of  non-thermal 
r ad io   emis s ion ,   unde r   t he   a s sumpt ion   t ha t   t h i s   r ad io   emis s ion  i s  caused  by  synchrotron 
r a d i a t i o n   b y   e n e r g e t i c   e l e c t r o n s   i n   g a l a c t i c   m a g n e t i c   f i e l d s ,  i t  i s  a l s o   p o s s i b l e   t o  
d e d u c e   t h e   i n t e r s t e l l a r   e l e c t r o n   s p e c t r u m .  A compar i son   o f   t he   ga l ac t i c   e l ec t ron  
s p e c t r a   o b t a i n e d  from t h e s e  two approaches may b e   u s e d   t o   e x a m i n e   t h e   s p a t i a l   d i s t r i -  
b u t i o n s   o f   e l e c t r o n s   a n d   m a g n e t i c   f i e l d s   i n   t h e   g a l a x y .  

. It should   be   no ted   tha t   the   rad io   measurements   ex tend  down t o   o n l y  - 1 MHz 
which   cor responds   to  a few hundred MeV e l e c t r o n   ' e n e r g y   i n   t h e   . g a l a c t i c   m a g n e t i c  
f i e l d s .  Below a few  hundred MeV, we c a n   c n l y   s p e c u l a t e  on t h e   i n t e r s t e l l a r   e l e c t r o n  
spectrum. We b e l i e v e   t h e r e f o r e   t h a t  i t  i s  m o s t   e s s e n t i a l   t o  make e lec t ron   measure-  
ments a t  lower   energ ies .  Fo r  example ,   the   low-energy   ga lac t ic   rad io   spec t rum i s  
observed  to   turn  over   and  decrease  below 1 MHz. It i s  u s u a l l y  assumed t h a t   t h i s  i s  
d u e   t o   f r e e - f r e e   a b s o r p t i o n   b y   i n t e r s t e l l a r   h y d r o g e n .   B u t  i s   i s  p o s s i b l e   t h a t   t h e  
e l e c t r o n  spectrum i tself  t u r n s   o v e r   a s  well a t   t h e   e q u i v a l e n t   e n e r g i e s .   O b v i o u s l y  
t h e   c o r r e c t   i n t e r p r e t a t i o n   o f   t h i s   f e a t u r e  is of  fundamental  importance i n   u n d e r s t a n d i n g  
t h e   c o n d i t i o n s   i n   t h e   i n t e r s t e l l a r  medium (e .g .  , the   p resence   o f   co ld   gas   c louds   and  
t h e   t e m p e r a t u r e   o f   t h e   i n t e r c l o u d  medium) and   fo r   t he   unde r s t and ing   o f   t he   o r ig in   o f  
t h e s e   e l e c t r o n s   a n d   t h e i r   i m p o r t a n c e   i n   g a l a c t i c   d y n a m i c s .  

. I f  o n e   e x t e n d s   t h e   i n t e r s t e l l a r   e l e c t r o n  spectrum above 300 MeV, a s  deduced 
from  radio  background  measurements,  down t o  below 20 MeV, then  it  t u r n s   o u t   t h a t   t h i s  
spectrum  exceeds  that   observed a t   e a r t h  by a f a c t o r   o f  > lOOO! Yet the   spec t rum 
observed a t   e a r t h  is r o u g h l y   c o n s i s t e n t   w i t h   a n   i n t e r s t e l l a r  knock-on o r i g i n   f o r  
t hese   e l ec t rons   w i thou t   i nvok ing   an   add i t iona l ,   pe rhaps   p r imary ,   sou rce .  Is t h i s  
d i f f e r e n c e   d u e   t o   e x t r e m e l y   l a r g e   s o l a r   m o d u l a t i o n   e f f e c t s   o r  i s  t h e   i n t e r s t e l l a r  
spectrum a t  low e n e r g i e s   r e a l l y   n o t  much d i f f e r e n t   t h a n   a t   e a r t h ?  Some o f   t h e   r i c h  
p o s s i b i l i t i e s   f o r   t h e   b e h a v i o r   o f .   t h e   l o w - e n e r g y   e l e c t r o n   s p e c t r u m   i n   i n t e r s t e l l a r  
s p a c e   a r e   i l l u s t r a t e d   i n   F i g u r e  5-3. The r e s o l u t i o n   o f   t h i s   p r o b l e m   r e q u i r e s  
measurements   o f   e lec t rons   spec i f ica l ly   be low 100 MeV. 

11. P l a n e t a r y  Phenomena 

The   p roposed   s tud ie s   o f   p l ane ta ry   t r apped   r ad ia t ion   p rov ide   an   i ndependen t  
means o f   e x p l o r i n g   t h e   l a r g e - s c a l e   m a g n e t i c   p r o p e r t i e s   o f   J u p i t e r   a n d   S a t u r n   a n d  
their   environments .   Measurements   of  many parameters of t h e   t r a p p e d   r a d i a t i o n  w i l l  
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g i v e   i n f o r m a t i o n  on the i n t e r a c t i o n   o f  
t h e   p l a n e t s   w i t h   t h e   s o l a r   w i n d ,  on t h e  
o r i g i n   o f   t h e   e n e r g e t i c   p l a n e t a r y   p a r t i c l e  
populat ion  and i t s  i n t e r a c t i o n   w i t h   t h e  
a t m o s p h e r e s   a n d   s a t e l l i t e s  of t h e   p l a n e t s .  

s i g n i f i c a n t l y   d i f f e r e n t   p h y s i c a l   s y s t e m s ,  
e . g . ,   i n   t h e   h y p o t h e t i c a l   s t r e n g t h   o f   t h e i r  
r e s p e c t i v e   m a g n e t i c   f i e l d s ,   t h e i r   d i s t a n c e  
from the Sun,  and t h e i r   s a t e l l i t e  and   r i ng  
environment)   comparat ive  s tudies  w i l l  be  
p a r t i c u l a r l y   f r u i t f u l .  

mlinib m MnQlb %&rum 
at Lm Enuqin S i n c e   t h e  t w o  g i a n t   p l a n e t s   r e p r e s e n t  

Our d e t e c t o r   s y s t e m   h a s   t h e   v e r s a t i l i t y  
n e c e s s a r y   t o   e x p l o r e   t h e   w i d e l y   d i f f e r i n g  
condi t ions  which  might  exist a t   t h e  two 
p l a n e t s .  

MJS w i l l  p r o b a b l y   r e p r e s e n t   t h e   t h i r d  
t raversa l   o f   the   Jovian   magnetosphere .  We 
expect t o   h a v e  a r easonab le   e s t ima te   o f   t he  
f lux   and   ene rgy   spec t r a   o f   t he   Jov ian   p ro ton  
and   e l ec t ron   componen t s   and   t he i r   r ad ia l  
v a r i a t i o n s ,   w h i c h  w i l l  be   cons ide red   i n   ou r  
f i n a l  MJS detector   complement .  As a 
s i g n i f i c a n t  s t ep  beyond t h e   P i o n e e r  10 and G 

Emgy (Mcv) 

F i g .  5-3. Elec t ron   spec t ra   observed  obse rva t ions ,  'we p ropose   t o   de t e rmine   t he  
a t   e a r t h   a n d  limits on   poss ib le  e l emen ta l  and i so topic   abundances   and   the ,  
s p e c t r a   i n   i n t e r s t e l l a r   s p a c e .  a n g u l a r   d i s t r i b u t i o n s   o f   t h e   r a d i a t i o n  

b e l t s .  The  proposed Low-Energy Telescope  
System (LETS) w i l l  m e a s u r e   n u c l e i   o v e r   t h e   f u l l   r a n g e   o f   i n t e n s i t i e s   e x p e c t e d   f o r   t h e  
MJS f l y - b y   t r a j e c t o r i e s   i n   t h e   " n o m i n a l  model" of ,   the   Jovian  magnetosphere  (Table   7-IV).  
Should  Pioneer  10 i n d i c a t e   h i g h e r   f l u x e s ,  a r e l a t i v e l y  simple m o d i f i c a t i o n  w i l l  a l l o w  
extens ion   of  i t s  r a n g e   t o  beyond the   f luxes   o f   the   "upper - l imi t"   model .  

J u s t   a s   e l e m e n t a l   a n d   i s o t o p i c   s t u d i e s   p r o v i d e   i n f o r m a t i o n  on t h e   o r i g i n   a n d  
i n t e r s t e l l a r   t r a v e l   o f   g a l a c t i c   c o s m i c   r a y s ,  s o  should   they   provide   in format ion  on 
t h e   s o u r c e   o f   t h e   r a d i a t i o n   b e l t s   a n d   t h e   n a t u r e   o f   t h e   d i f f u s i o n   a n d   a t m o s p h e r i c -  
loss processes .   Fo r   example ,   a t   Ea r th   one   can   pos tu l a t e   i onosphe r i c ,   so l a r -wind ,  
a n d / o r   n e u t r o n - a l b e d o   s o u r c e s   f o r   t h e   t r a p p e d   r a d i a t i o n ,   a n d   t h e   c o m p o s i t i o n   s h o u l d  
d i f f e r   g r e a t l y  among t h e s e   d i f f e r e n t   s o u r c e s .  The  composLtion  studies  proposed  here 
r e p r e s e n t   a n   e x t r e m e l y   p o w e r f u l   t o o l ,   w h i c h   o n l y   r e c e n t l y   h a s   b e e n   e x p l o i t e d   a t   e a r t h .  

S a t u r n   r e p r e s e n t s  a q u i t e   d i f f e r e n t   s i t u a t i o n   f r o m   J u p i t e r .  We w i l l  be   performing 
t h e  f irst  s e r i o u s   e x p l o r a t o r y   s t u d y   o f   t h i s   p l a n e t .   R e c e n t   r a d i o   o b s e r v a t i o n s   s u g g e s t  
t h a t   S a t u r n  may possess  a weak  magnetosphere.  Our LETS w i l l  serve a s   a n   e x c e l l e n t  
sys tem  for   explor ing   the   low-energy-nucle i   popula t ion   of   Sa turn ,   inc luding   composi t ion  
s t u d i e s .   I n   a d d i t i o n ,  as i n   t h e   c a s e  of J u p i t e r ,   i n   r e g i o n s   o f   m o d e r a t e l y - i n t e n s e  
f l u x e s ,   t h e  LETS w i l l  be  complemented  by the  High-Energy  Telescope  System (HETS) and 
t h e   E l e c t r o n   T e l e s c o p e  (TET). 

. .  
Since   one   cannot   comprehens ive ly   explore   the   rad ia t ion-be l t   dynamics   on  a 

s i n g l e   f l y - b y ,  we  b e l i e v e   t h e   c o m p o s i t i o n   s t u d i e s  w i l l  b e   t h e  most  meaningful  and 
p o w e r f u l   e x p l o r a t o r y   t o o l   o n e   c a n   u s e .   I n   a d d i t i o n ,   o u r   a b i l i t y   t o   m e a s u r e   e l e c t r o n s  
from 3 - 110 MeV w i l l  e n a b l e   u s   t o  make compara t ive   s tud ie s   w i th   . l oca l   obse rva t ions  
of the  radio-astronomy  team. 
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F u r t h e r   i n s i g h t  w i l l  b e   p r o v i d e d   b y   o u r   a b i l i t y   t o   c a r r y   o u t   h i g h l y - d e t a i l e d  
anisotropy  and  s t reaming  measurements   with  our  LETS. These  data  will g i v e   f u r t h e r  
i n fo rma t ion  on magne tosphe r i c   d i f fus ion   p rocesses ,   a tmosphe r i c  loss p rocesses ,  
i n t e r a c t i o n s   w i t h   p l a n e t a r y   i o n o s p h e r e s ,   a n d   i n t e r a c t i o n   w i t h   n a t u r a l   s a t e l l i t e s  
a n d   S a t u r n ’ s   r i n g s .  

111. I n t e r p l a n e t a r y  Phenomena 

A .  S o l a r   M o d u l a t i o n   o f   G a l a c t i c   P a r t i c l e s  and the   Rad ia l   Grad ien t  

The s o l a r  wind   modula tes   the   in tens i ty   o f   ga lac t ic   cosmic   rays   over  a w i d e  
r a n g e   o f   e n e r g i e s ,   w i t h   t h e   e f f e c t   b e i n g   m o s t   s e v e r e   a t   t h e   l o w e s t   e n e r g i e s .   P r o t o n s  
o f   s e v e r a l  GeV ene rgy   a r e   modu la t ed   on ly  a few pe rcen t  from s o l a r  maximum t o   s o l a r  
minimum whereas   the 10 MeV i n t e n s i t y  i s  p ro found ly   a l t e r ed  by   modula t ion   e f fec ts .  
Assoc ia ted   wi th   th i s   modula t ion   mus t   be  a r a d i a l   g r a d i e n t   o f   t h e   c o s m i c - r a y   i n t e n s i t y ,  
which is  a m e a s u r e   o f   t h e   l o c a l   t r a n s p o r t   p a r a m e t e r s   ( e . g . ,   p a r a l l e l   d i f f u s i o n  
c o e f f i c i e n t ) .  Our d e t e c t o r   s y s t e m  i s  d e s i g n e d   t o   m e a s u r e   t h e   r a d i a l   g r a d i e n t   a n d  
o v e r a l l   m o d u l a t i o n   a s  a f u n c t i o n   o f   r i g i d i t y   o v e r  a wide  range  of  energy  and  charge- 
t o - m a s s   r a t i o   ( e . g . ,  1H, %e, e l e c t r o n s ) ,   i n   r e g i o n s   n o t   y e t   p e n e t r a t e d  by s p a c e c r a f t .  
The new d a t a  w i l l  complement  those  of  Pioneers 9 and 10 s i n c e   t h i s   p r e s e n t   s p a c e c r a f t  
w i l l  g o   i n  a d i f f e r e n t   d i r e c t i o n   r e l a t i v e   t o   t h e   s o l a r   a p e x ,  and  be a t  a d i f f e r e n t  
time d u r i n g   t h e   s o l a r   c y c l e ,   a n d  w i l l  p robab ly   pene t r a t e  deeper. A determina t ion   of  
t h e   r i g i d i t y   d e p e n d e n c e   o f   t h i s   s o l a r   m o d u l a t i o n  w i l l  p rovide  a measu re   o f   t he   e f f ec t s  
o f   t h e   r a d i a l   d i f f u s i o n   c o e f f i c i e n t   i n t e g r a t e d   o u t   t o   t h e   m o d u l a t i o n   b o u n d a r y .  

T h e   e f f e c t i v e n e s s   o f   t h e s e   s t u d i e s  w i l l  be  enhanced  by  the  presence  of 
var ious   i so topes   ( such  3 s  ‘H, *H, 3He, %e)  which  can  be  used t o   d i s t i n g u i s h   b e t w e e n  
s o l a r  and   ga l ac t i c   pa r t i c l e s .   E lec t ron   measu remen t s  will a l s o   b e  of grea t   impor tance .  
In   pa r t i cu la , r ,   measu remen t s   o f   t he   e l ec t ron   g rad ien t   and   modu la t ion   ove r   t he   ene rgy  
range  from 3 - 110 MeV, which we p r o p o s e   t o   d o   f o r   t h e   f i r s t   t i m e ,  w i l l  d e f i n e   t h e  
t ranspor t   parameters   over  a r i g i d i t y .   r a n g e   n o t   r e a d i l y   a c c e s s i b l e   u s i n g   l o w - e n e r g y  
p r o   t o n  mea suremen ts  . 

B. Modulation  Boundary 

A t  p r e s e n t ,   t h e r e  i s  a s t r o n g   i n d i c a t i o n   t h a t   t h e   s c a t t e r i n g   o f   c o s m i c   r a y s  
e s s e n t i a l l y   g o e s   t o   z e r o   a t  some d i s t a n c e  < 10 AU. E v i d e n c e   f o r   t h i s  comes from two 
d i r e c t i o n s .   F i r s t ,   t h e   d e c a y   o f   h i g h - e n e r g y   s o l a r   p r o t o n   e v e n t s  is determined 
p r i n c i p a l l y  by leakage   f rom  the   boundary ,   and   th i s   l eads   to  a s c a l e   o f  3 - 5 AU. 
S e c o n d ,   s t u d i e s   o f   t h e   m o d u l a t i o n   o f   g a l a c t i c   p a r t i c l e s   s u g g e s t   t h a t   t h e   e f f e c t i v e  
modulation  boundary i s  w i t h i n  10 AU. One o f   t he   p r imary   goa l s  of th i s   exper iment  
w i l l  b e   t o   d e t e r m i n e   t h e   e x i s t e n c e  and loca t ion   o f   t h i s   boundary .   Bas i c   a spec t s   o f  
t h e   t r a n s p o r t   t h e o r y   i n   i n t e r p l a n e t a r y   s p a c e   d e p e n d  on parameters a t   t h i s  boundary, 
a n d   t h e y   a r e   c m p l e t e l y  unknown. 

I n   p r a c t i c e ,  i t  may b e   d i f f i c u l t   t o   o b t a i n  a p rec i se   de t e rmina t ion   o f   t he  
loca t ion   o f   t he   boundary   o f   t he   modu la t io r?   r eg ion   (where   s ca t t e r ing   E f fec t ive ly  
ceases)   f rom a s t u d y   o f   g a l a c t i c   p a r t i c l e s   a l o n e .   S t u d y i n g   t h e   c h a r a c t e r   o f   s o l a r -  
f l a r e   p a r t i c l e   e v e n t s   a s  a f u n c t i o n   o f   h e l i o c e n t r i c   r a d i u s   s h o u l d   p r o v i d e  a very  
sensit ive and precise i n d i c a t o r   o f   t h e   l o c a t i o n   o f   t h e   b o u n d a r y   t o   t h e   s c a t t e r i n g  
r e g i o n .   I n   t h e   i n n e r   s o l a r   s y s t e m   ( o b s e r v e d   a t ,   s a y ,   e n e r g i e s   o f  10 - 50 MeV) a 
t y p i c a l   s o l a r - f l a r e   e v e n t   h a s  a c h a r a c t e r i s t i c   b e h a v i o r   i n   w h i c h   t h e   p a r t i c l e s   a r e  
h i g h l y   a n i s o t r o p i c   d u r i n g   t h e   i n i t i a l   p h a s e   a n d   t h e n   r e l a x   t o  a c o n f i g u r a t i o n   i n  
which   the   an iso t ropy  i s  r e l a t i v e l y   s m a l l .   T h i s   r e l a x a t i o n  i s  d u e   t o   s c a t t e r i n g  
caused   by   magne t i c   i r r egu la r i t i e s .  Beyond the  boundary  of   the  modulat ion  region 
t h i s   s c a t t e r i n g  becomes sma l l  and obse rva t ions  of  s o l a r   p a r t i c l e s   s h o u l d   r e v e a l  a 
h i g h l y - a n i s o t r o p i c   f l u x   ‘ o f   p a r t i c l e s   t r a v e l i n g   o u t w a r d   a l o n g   t h e   l a r g e - s c a l e   m a g n e t i c  
f i e l d .   D e t a i l e d   a n a l y s i s   i n d i c a t e s   t h a t  a t y p i c a l   s o l a r - f l a r e   e v e n t   s h o u l d   b e  
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r e a d i l y   o b s e r v a b l e  beyond t h e   b o u n d a r y .   T h i s   t r a n s i t i o n   t o   h i g h l y - a n i d o t r o p i c   s o l a r  
p a r t i c l e   e v e n t s   s h o u l d   p r o v i d e   a n   e x t r e m e l y   s e n s i t i v e   s i g n a t u r e   o f   t h e   p r e s e n c e   o f  
a boundary . 

C .  Aniso t ropies   and  Flow P a t t e r n s  

The a b i l i t y   o f   o u r   d e t e c t o r   s y s t e m   t o   m e a s u r e   e x t r e m e l y  low a n i s o t r o p i e s  
(- 0.1% i n  one   yea r   o f   ope ra t ion )   p rov ides   an   oppor tun i ty   t o   s tudy   t he   ve ry   impor t an t  
a n i s o t r o p i e s   w h i c h   a r e  a consequence   o f   cosmic - ray   t r anspor t   i n   t he   so l a r   w ind .  A 
measurement   o f   the   an iso t ropies   p rovides  a measure o f  t h e   r e l a t i v e   i m p o r t a n c e   o f  
p e r p e n d i c u l a r   a n d   p a r a l l e l   d i f f u s i o n   a n d   c o n v e c t i o n ,   a n d   c a n   h e l p   d e f i n e   g r a d i e n t s  
o u t   o f   t h e  e c l i p t i c  plane.   Anisotropy  measurements   effect ively  add  another   dimension . 
t o   h e l p  complement in tens i ty   and   composi t ion   measurements .  

As one   spec i f i c   example   o f   t he   k ind   o f   ques t ion  we e x p e c t   t o   b e   a b l e   t o  
answer ,   cons ide r   t he   az imutha l   an i so t ropy .  Cosmic r a y s   t e n d   t o   c o r o t a t e   w i t h   t h e  
s u n ,   a n d   c o r o t a t i o n   b y   i t s e l f  would  produce  an  anisotropy  of - 2G% i n  1 MeV protons  
a t  1 AU ( t h i s   v a l u e   s c a l e s   a s   t h e   i n v e r s e   o f   t h e   p a r t i c l e   v e l o c i t y   a n d   l i n e a r l y   w i t h  
h e l i o c e n t r i c   r a d i u s ) .   D e p a r t u r e s  from c o r o t a t i o n   o c c u r   a s  a consequence   of   d i f fus ion  
normal t o   t h e   s p i r a l   f i e l d  and g r a d i e n t s   o u t   o f   t h e  ec l ip t i c .  Measurement  of  the 
rad ia l   and   energy   dependence   of   the   az imutha l   an iso t ropy  w i l l  h e l p   t o   d e t e r m i n e   t h e  
pe rpend icu la r   d i f fus ion   coe f f i c i en t   and   tHe   no rma l   g rad ien t .  

6.  Experiment  Design  Philosophy  and  Approach 

We p r o p o s e   t h e   f o l l o w i n g   m e a s u r e m e n t s   t o   m e e t   t h e   s c i e n t i f i c   o b j e c t i v e s :   c h a r g e  
and   energy   spec t ra ;  Z = 1 - 30, over   an   energy   range   of  0.15 - 500 MeV f o r  H, t o   2 . 5  - 
500 MeV/nuc f o r   F e ;   I s o t o p e s :  Z = 1 - 8 (AM = 1) and Z = 9 - 16 (AM = 2 )  over  a range - 2 - 75 MeV/nuc; E l e c t r o n s :  3 - 110 MeV. Aniso t ropies :   a l l   components   ranging   f rom 
H (0.15 - 150 MeV) t o  Fe  (2.7 - 500 MeV/nuc)as w e l l   a s  3 - 10 MeV e l e c t r o n s .  

These  measurements w i l l  be made wi th   th ree   de tec tor   sys tems;   the   High-Energy  
Telescope  System (HETS), t h e  Low-Energy Telescope  System (LETS) a n d ' t h e   E l e c t r o n  
Telescope  (TET). By us ing   t h ree   i ndependen t   sys t ems ,   t he   cha rge   and   ene rgy   r e sponse  
and   the   background  re jec t ion   can   be   op t imized   over  a g i v e n   e n e r g y   i n t e r v a l   w h i l e  
p rov id ing   t he   r edundancy   t ha t  is v i t a l   f o r   a n   e x t e n d e d   m i s s i o n .  By u s i n g   t h r e e -  
parameter   ana lys i s   over   a lmost the   comple te   energy   range ,   reducing   the   pa th- length  
var ia t ion   th rough  the   use   o f   curved   dE/dx   devices ,   and   min imiz ing   Landau   e f fec ts   by  
c h o o s i n g   t h e   t h i c k e s t   d E / d x   d e v i c e   a p p r o p r i a t e   t o  a g i v e n   e n e r g y   i n t e r v a l ,  we f e e l  
t h a t   f o r   t h e   f i r s t  time i n  a s p a c e   a p p l i c a t i o n ,   t h e   u l t i m a t e   s o l i d - s t a t e - d e t e c t o r  
r e s o l u t i o n  w i l l  b e   r e a l i z e d .  The  double-ended  approach  in  our  High-Energy  Telescope 
and   t he   u se   o f   mu l t ip l e  ( 4 )  Low-Energy Te le scopes   p rov ides   t he   necessa ry   geomet r i c  
f a c t o r   t o   d o   i s o t o p e   a n d   c h a r g e   s t u d i e s   a s  well  as measu re   l ow- leve l   an i so t rop ie s .  

T h e   c o m b i n a t i o n   o f   c h a r g e   r e s o l u t i o n ,   r e l i a b i l i t y  and  redundancy  can  be  real ized 
o n l y   w i t h   t e l e s c o p e   s y s t e m s   c o n s i s t i n g   e n t i r e l y   o f   s o l i d - s t a t e   c h a r g e d - p a r t i c l e  
d e t e c t o r s .   T h e s e  devices h a v e   p r o v e n   t o   b e   u n i q u e l y   r e l i a b l e   i n   t h e i r   s p a c e   a p p l i c a t i o n .  
They a r e   f r e e   o f   t h e   g a i n   c h a n g e s   a s s o c i a t e d   w i t h   p h o t o m u l t i p l i e r s   a s  wel l  a s   b e i n g  
i n h e r e n t l y  more   dependable .   They   a l so   have   suf f ic ien t  low weight   and   bu lk   to   a l low 
t h e   u s e  of s i m p l e   r o t a t i n g   d e v i c . e s   f o r   a n g u l a r   s c a n n i n g .  The t h r e e   e x p e r i m e n t a l  
groups  have a l l  f l o w n   s t q c k e d   a r r a y s   o f   s o l i d - s t a t e   d e t e c t o r s   s i m i l a r   t o   t h o s e  
proposed  here.  The HET and LET systems  have  evolved  f rom  the GSFC-UNH Pioneer  10 
expe r imen t   and   t he  CIT IMP H e x p e r i m e n t .   S i m i l a r l y   t h e ,  TET is a spec ia l :   adapt ion   of  
t h e  HET and  the CIT OGO V I  exper iment .   In   each   case   where  a new item i s  used   (e .g . ,  
l a rge   doub le -g rooved   de t ec to r s ,   t he  2 0 ~  t h i ck   dev ices ,   t he   cu rved  HET d e t e c t o r ,  
o r   t h e   t e l e s c o p e   r o t a t i n g   m e c h a n i s m )  we h a v e   t h o r o u g h l y   t e s t e d   t h i s  item i n  one  of 
t h e   t h r e e   l a b o r a t o r i e s .   I n  summary, w e  f e e l   t h a t   t h e s e   s y s t e m s   a r e   i n   a n   a d v a n c e d  
s t a t e  of  development  and  can  be  f lown  as we propose  them. 
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HIGH ENERGY  TELESCOPE (HETI 

A,-8 CM*x 0.15 MM 
C,-IO CMza 3 MM 

G 
Cz-IO CM'x 6 MM 

C,- IO CM'x 6 MM 

G- IO CM'a 6 MM 

Bz- 8 CM'x 1.5 MM 

Fig.   7-1 

I n   o r d e r   t o   m e a s u r e   a n i s o t r o p i e s   t o  4 0.1%  on 
the   non-sp inning  MJS s p a c e c r a f t  we have  developed a 
very   l igh t -weight   s tepping   scan-p la t form  which   permi ts  
a c c u r a t e   i n t e r c a l i b r a t i o n  of o u r   t e l e s c o p e   a r r a y s .  
The r equ i r ed   accu racy  is much g r e a t e r   t h a n   c a n   b e  
o b t a i n e d   u s i n g   t h e   a n t i c i p a t e d   r o l l   p e r i o d s   o f   t h e  MJS 
s p a c e c r a f t .  A l l  d e t e c t o r   s y s t e m s   o p e r a t e   i n   t h e   s e l f -  
c a l i b r a t i n g   d E / d x  vs. E mode w h e r e   p a r t i c l e - t r a c k   e n d -  
p o i n t s   c a n   b e   u s e d   t o   o b t a i n   a n   a b s o l u t e   c a l i b r a t i o n  
o f   t h e   i n s t r u m e n t s .   T h e r e f o r e   a n y   d r i f t s   i n   g a i n   a n d  
s e n s i t i v i t y   c a n  be a c c u r a t e l y   c o r r e c t e d   f o r .  

7.   Ins t rumen t a  t ion  

I. Detector   Systems 

A .  The  High-Energy  Telescope  System (HETS) 

Genera l   Desc r ip t ion .  The MJS High-Energy  Telescope 
System (HETS) c o n s i s t s  of two i d e n t i c a l   t e l e s c o p e s ,  
o n e   f i x e d   a l o n g   t h e   m a j o r   a x i s  of t h e   s p a c e c r a f t  and 
the o t h e r   s c a n n i n g   i n   t h e  ec l ip t ic .  A schematic   drawing 
of   one   o f   these  i s  shown i n   F i g u r e  7-1.  The t e l e s c o p e  
i s  e n t i r e l y   s o l i d   s t a t e   a n d  makes u s e   l a r g e l y   o f  
de t ec to r   t echno logy   a l r eady   p roven  on P ionee r  10. 
However, new d e v e l o p m e n t s   i n   s o l i d - s t a t e   d e t e c t o r  
technology  and  moderate   increases   in   weight   and power 
over   Pioneer   10  have  a l lowed US t o   i n c o r p o r a t e   s e v e r a l  
d ramat ic   improvements   in   the  MJS instrument .   For   example,  ' 

the   use   o f   .double-ended   te lescopes   and  the i n c l u s i o n  
of  a s o l i d - s t a t e   g u a r d   e l e m e n t   p e r m i t s  a f o r t y - f o l d  
i n c r e a s e   i n   g e o m e t r y   f a c t o r .  The  dynamic  range  of  the 
c i r c u i t r y   h a s   b e e n   e x t e n d e d   t o   i n c l u d e   e l e c t r o n s  

. t h r o u g h   i r o n   n u c l e i .  A simple, l i g h t w e i g h t   r o t a t i n g  mechanism  has  been  included so  t h a t  
p r e c i s e   a n g u l a r   d i s t r i b u t i o n s   c a n   b e   m e a s u r e d   i n   t h e  ec l ip t i c  p l ane .  

Modes of Opera t ion .  A HET t e l e s c o p e   h a s   t h r e e   b a s i c  modes of   opera t   ion ,  two 
c o r r e s p o n d i n g   t o   p a r t i c l e s   t h a t   s t o p   w i t h i n   t h e   d e t e c t o r   ( d e n o t e d   b y   S 1   a n d  S2) and 
o n e   c o r r e s p o n d i n g   t o   p a r t i c l e s   t h a t   p e n e t r a t e   t h e   d e t e c t o r   ( d e n o t e d   b y  P). I n   t h e  
SI and S2 modes t h e   t e l e s c o p e   o p e r a t e s   i n  a s tandard   dE/dx   vs .  E mode. The des ign  
o f   t he   i n s t rumen t  i s ,  however, new and  unique i n   t h a t   t h e  detecEo.1: s t a c k  serves 
double-duty.  Both e n d s   o f   t h e   t e l e s c o p e   a r e   u t i l i z e d  202 dE/dx  vs. E measurements. 
I n  t h e  SI mode w e  r e q u i r e  a c o i n c i d e n c e   c o n d i t i o n  A1A2C4G (see t r a j e c t o r y  1, 
Fig.   7-1).  A 1  and A2 a r e   i d e n t i c a l   s i l i c o n - s u r f a c e - b a r r i e r   d e t e c t o r s   h a v i n g   s m a l l  
t h i c k n e s s e s   i n   o r d e r   t o  p e r m i t  the  measurement  of low energy  (> 4 MeV) p a r t i c l e s .  
Each  of   these i s  c o n s t r u c t e d   a s  a sec t i0 .n   o f  a s p h e r i c a l   s u r f a c e   i n   o r d e r   t o   m i n i m i z e  
v a r i a t i o n s   i n   t h e   p a t h l e n g t h   o f   p a r t i c l e s   t r a v e r s i n g  them.   Fo r   pa r t i c l e s   t ha t  come 
t o  rest  i n  A2 ( 4  - 6 MeV/nuc) a two-parameter  dE/dx vs. E a n a l y s i s  i s  per formed.   I f  
a p a r t i c l e   p e n e t r a t e s   i n t o   t h e   s t a c k ,  a three-parameter   double-dE/dx vs. E measurement 
i s  made.  The combination C1 + C2 + C 3  provides   the   to ta l -energy   measurement   up   to   an  
energy   of   57  MeV. 

I n   t h e  S2 mode ( s e e   t r a j e c t o r y  2 ,  Fig .   7 -1 )   t he   co inc idence   cond i t ion  B1B2F1E i s  
r e q u i r e d .  The B 1  and B2 e l e m e n t s   a r e  1.5 mm t h i c k   s p h e r i c a l   l i t h i u m - d r i f t e d   d e t e c t o r s .  
A s  w i t h  SI, t h e   l o w - e n e r g y   p a r t i c l e s   t h a t  come t o   r e s t   i n  B2 (16 - 23 MeV/nuc) undergo 
two-parameter   ana lys i s ,   and   h igher -energy   par t ic les  (23 - 68  MeV/nuc) undergo  . three-  
parameter   double-dE/dx  vs .  E a n a l y s i s .   I n   t h i s  mode the   to ta l -energy   measurement  i s  
accompl ished   us ing   the   l inear   combina t ion  C2 + C3 + C4. The combinat ion  of   the  S1 
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and S2 modes then  gives   cont inuous  coverage  of   the  spectrum  between 4 a n d ' 6 8  MeV/nuc 
with  dE/dx vs. E a n a l y s i s .   I n   a d d i t i o n ,   s i g n i f i c a n t   o v e r l a p   e x i s t s   b e t w e e n   t h e  two 
s t o p p i n g - p a r t i c l e  modes so tha t   t he   rg sponses   o f   t he  two ends   o f   t he   t e l e scope   can  
be  cross-checked. 

. I n   b o t h   t h e  SI and S2 modes i s o t o p i c   r e s o l u t i o n   w i t h  AM = .1 w i l l  be   poss ib l e  
up t o  Z = 8 a n d   r e s o l u t i o n   w i t h  AM = 2 up t o  2 = 16.   Resolu t ion   of   ad jacent   charges  
i s  p o s s i b l e  up t o  Z = 30. A d e t a i l e d   d i s c u s s i o n   o f   b a c k g r o u n d   a n d   r e s o l u t i o n  is  
presented   in   Appendix  A 7 - I .  

I n   t h e  S2  mode p rec i se   measu remen t s   o f   t he   e l ec t ron   spec t rum  in   t he   3 -  10 MeV 
i n t e r v a l  w i l l  a l s o  be  made. Th i s  w i l l  complement  and overlap  the  measurements  made 
by TET. Below  3 MeV, background  due t o  Compton e l e c t r o n s   f r o m   t h e   s p a c e c r a f t   r a d i o -  
i s o t o p e  power s u p p l i e s  w i l l  p r o h i b i t   m e a n i n g f u l   i n t e r p l a n e t a r y   e l e c t r o n   m e a s u r e m e n t s .  
Thresholds  w i l l  be   i nco rpora t ed   i n   t he   e l ec t ron ic s   t o   e l imina te   such   background   f rom 
the  two pa rame te r   ana lys i s  modes. 

I n   t h e  P mode ( s e e   t r a j e c t o r y   3 ,   F i g .   7 - 1 )   p a r t i c l e s   w h i c h   p e n e t r a t e   t h e   e n t i r e  
t e l e s c o p e   a r e   a n a l y z e d .   I n   t h i s  mode d e t e c t o r s  B 1 ,  C 1 ,  and C 2  + C3 + C4 a r e   p u l s e -  
h e i g h t   a n a l y z e d ,   t h u s   p r o v i d i n g  a t r ip le   dE/dx   measurement .  The low-energy  threshold 

. € o r   p r o t o n s   i n   t h e  P mode w i l l  be the   ene rgy   r equ i r ed   t o   pene t r a t e   t he   s t ack   (68  MeV/nuc 
f o r   p r o t o n s   a n d   a l p h a s ) .  Between th i s   ene rgy   and  - 150 MeV/nuc it  w i l l  be p o s s i b l e   t o  
separate  forward  from  backward moving p a r t i c l e s  by  comparing  the  energy  losses   in  B 1  
and C 1 .  Th i s   t hen   de f ines   t he   uppe r   ene rgy  l i m i t  fo r   an iso t ropy   measurement .  Above 
150 MeV/nuc the   t e l e scope  becomes b i - d i r e c t i o n a l .  Because of  the   t e lescope ' s   symmetry ,  
h o w e v e r ,   t h e   a m b i g u i t y   i n   t h e   p a r t i c l e s '   d i r e c t i o n   o f   i n c i d e n c e   h a s  no e f f e c t   a t   a l l  
on spectral   measurements  above  150 MeV/nuc. I n   a d d i t i o n ,   t h e   b i - d i r e c t i o n a l i t y   o f   t h e  
t e l e s c o p e   i n   t h e  P mode means t h a t   t h e   g e o m e t r y   f a c t o r  i s  e f f ec t ive ly   doub led .   Accura t e  
spec t ra l   measurements  w i l l  t hen  be p o s s i b l e   u p   t o   a t   l e a s t  500 MeV/nuc a n d   a n   i n t e g r a l  
p o i n t  > 500 MeV/nuc w i l l  be determined.  

Tables  7 - 1  and 7 -11  p r e s e n t  a  summary o f   t h e   p r o p e r t i e s   o f   t h e   t h r e e  modes of 
a n a l y s i s   o f   t h e  HET. 

Table  7-1: HET Mode C h a r a c t e r i s t i c s  
1 ' P r o t o n  I 

Type of View De tec to r s   Fac to r  Coincidence Energy 

dE/dx  vs .  E 4 - 57 

46 " 2 - o  B 1 , C 1  ,c2%3%4 B 1 B 2 C 1  68 - 500 Tr ip l e   dE /dx  

60"  1.8 B ~ , B ~ , C ~ S C ~ S C L +  B1B2C1G 16 - 68 dE/dx VS. E 

60" 2.0 A 1  ,A2,C1%2%3 A1A2E4E 
1 (I:'::::.) Analyzed Condit ion Range (MeV) Analysis  Angle 

Table  7-11: HETS G a l a c t i c  Cosmic-Ray Response 

Events/Month Events/Month 1 
S MODE* P MODE 

I 

Min. I n t e r -  Min. I n t e r -  i 

Energy s t e l l a r   I n t e r -  Energy s t e l l a r   I n t e r -  
(MeV/nuc) Anisotropy S t e l l a + *  1 AU (MeV/nuc) Anisotropy S te l l a r**  1 AU 

-1 Mo. * 1 ~ 0 . 1  1 Y r .  1 Yr. 

H 0.1% 0.3% 7 . 2 ~ 1 0 ~  4 . 1 ~ 1 0 ~  > 68 0.1% 0.4% 1*.5x1O6 4 . 7 ~ 1 0 ~  4-68 
He 

5.2-88 Be 
0.6% 2 % 4 . 0 ~ 1 0 ~  3 . 4 ~ 1 0 ~  > 68 0.3% 1 % 8 . 6 ~ 1 0 ~  1 . 9 ~ 1 0 ~  4-68 

I 
9 % 30 % 9 . 0 ~ 1 0 ~   8 . 2 ~ 1 0 ~  >287 5 % $6 % 7 .0x102 1 . 8 ~ 1 0 ~  13.5-287 Fe 
3 10 1 . 0 ~ 1 0 4  9 . 1 ~ 1 0 3  >151 2 % 6 % 4 . 0 ~ 1 0 ~  8 . 0 ~ 1 0 ~  8.7-151 0 

13 % 44 % 1 ~ ~ 1 0 3  9.gX1o2 > 88 8 % 26 % 2 . 8 ~ 1 0 ~  5 . 0 ~ 1 0 ~  

*s = 
* * I n t e r s t e l l a r   i n t e n s i t i e s   a r e   d e r i v e d   a s s u m i n g  a total-energy  power- law  spectrum. 

s1 + s2 

11 



The Guard Detector.   The  guard  element G i s  a u n i q u e   f e a t u r e   o f   t h e  HET. It i s  
shown a s   t h e   s h a d e d   a r e a   i n   F i g .  7-1.   The  l i thium-drif ted  detectors   forming  the 
s t a c k   a r e   c o n s t r u c t e d   i n  a double-grooved  configurat ion s o  t h a t   t h e   a c t i v e   a r e a   o f  
t h e  wafer is d i v i d e d   i n t o  two sepa ra t e   and   i ndependen t   a r eas .  Each dev ice   t hen  
has  a c e n t r a l   c i r c u l a r   a c t i v e   a r e a   s u r r o u n d e d  by an  annular   guard  r ing.   The G 
element i s  t h e n   t h e  sum of   the   ou tputs   o f   each   of   these   guard   r ings .  An a n t i c o i n c i d e n c e  
s h i e l d  i s  thus  formed  around  the s ide  o f   t h e   s t a c k   w i t h o u t   t h e  ’ n e c e s s i t y   o f   t h e   b u l k y  b 

and   heavy   pho tomul t ip l i e r - sc in t i l l a to r   combina t ions   u sed   i n   t he   pas t .   I n   t he  S modes 
the   guard  i s  used t o   a c t i v e l y  re jec t  e v e n t s .   I n   t h e  P mode, however,   because  of  the 
problem  of  knock-on  electrons,   the  guard w i l l  no t   be   u sed   t o  reject e v e n t s ,   b u t   t o  
tag  them. A s m a l l   v e r s i o n   o f   t h e   g u a r d   r i n g   d e t e c t o r  is now s u c c e s s f u l l y   i n   o p e r a t i o n  
on boa rd   t he   P ionee r   10   spacec ra f t .  The MJS vers ion   has   successfu l ly   passed   space-  
f l i g h t - q u a l i f i c a t i o n  tests i n   t h e   l a b .  A p i c t u r e   o f   s u c h  a dev ice  i s  shown i n   F i g .  A 7 - 1  
of  Appendix  A7-I. 

B. The  Low-Energy Telescope  System (LETS) 

Genera l   Desc r ip t ion .  The  Low-Energy 
Telescope  System (LETS) is d e s i g n e d   t o   d e t e r m i n e  

COLLIMATOR 8 t h e   f l o w   p a t t e r n s   a n d   t o  make h i g h - r e s o l u t i o n  
LIGHT BAFFLE measurements   of   cosmic-ray  nuclei   (1  Z 4 30) 

L2, 3 CM2 X 20pM 
I\ [SURFACE BARRIER 

L3, 4 CM2x 450pM 
SURFACE BARRIER 

- I  
I CM 

L4,  4CM2 x 450pM 
SURfACE BARRIER 

LOW ENERGY TELESCOPE (LET)  

F i g .  7-2 

down t o   v e r y  low e n e r g i e s .  The  major  experi-  
mental  problem i s  t o   a c h i e v e   a n   a d e q u a t e  
g e o m e t r i c a l   f a c t o r   a n d   t o   m e a s u r e   d i r e c t i o n a l  
p r o p e r t i e s   w i t h   s u f f i c i e n t l y   t h i n   d e t e c t o r s  so  
t h a t   m u l t i - p a r a m e t e r   a n a l y s i s  i s  p o s s i b l e  down 
t o   t h e   l o w e s t   p o s s i b l e   e n e r g y .   T h i s  i s  accom- 
p l i s h e d   w i t h  4 t e l e s c o p e s   i d e n t i c a l   t o   t h e  Low-. 
Energy  Telescope (LET) shown i n   F i g u r e   7 - 2 .  The 
major new development   has   been   the   fabr ica t ion  
o f   l a r g e   a r e a ,   t h i n   s u r f a c e - b a r r i e r   d e t e c t o r s . .  
The   Cal tech   group  has   p rev ious ly   f lown a 
3 cm2 x 100 p,m d e t e c t o r   o n  OGO-6 and a 3 c m 2  x 
50 pn d e t e c t o r  w i l l  soon  be  launched  on IMP-H. 
I n   a d d i t i o n ,   d e t e c t o r s   a s   l a r g e   a s  4 cm2 x 20 pm 
have   been   t e s t ed   i n   t he   l abo ra to ry .  

The f o u r  LET’S w i l l  b e   o r i e n t e d   i n   t h e  
f o l l o w i n g   d i r e c t i o n s :   a n t i - S u n  (+Z s p a c e c r a f t  
c o o r d i n a t e s )  , p e r p e n d i c u l a r   t o   t h e   e c l i p t i c  
plane  (approximately  a long +Y), and  perpen- 
d i c u l a r   t o   t h e   s p a c e c r a f t - s u n   l i n e   i n   t h e  
e c l i p t i c   ( a p p r o x i m a t e l y  +X and -X).  Th i s  
a r r angemen t   p rov ides   t he   t r i p l e   advan tage  - 

o f   a n i s o t r o p y   i n f o r m a t i o n ,   i n c r e a s e d  Ail (- 12  cm2-sr to ta l ) ,   and   sensor   redundancy .  

Modes of  Opera t ion .   Three   bas i c  modes of o p e r a t i o n  w i l l  be  implemented,  corre- 
sponding t o  s ing le - ,   doub le - ,   and   t r i p l e -pa rame te r   ana lys i s .  

I n   t h e   s i n g l e - p a r a m e t e r  mode, o n l y   d e t e c t o r  L 1  i s  pene t r a t ed  by the p a r t i c l e .  
The acceptance   cone  i s  de f ined  by t h e   c o m b i n a t i o n   c o l l i m a t o r   a n d   l i g h t   b a f f l e ,   r e s u l t -  
i n g   i n  a g e o m e t r i c a l   f a c t o r  (An) of  - 3 cm2-sr and a  maximum ang le   o f   i nc idence   o f  
45” w i t h   r e s p e c t   t o   t h e   t e l e s c o p e   a x i s .   I n   t h i s  mode only  hydrogen (0.15 - 10 MeV) 
and  helium (0.35 - 20 MeV/nuc) n u c l e i  w i l l  be  prominent  enough so t h a t   f l u x e s   c a n   b e  
de te rmined   in   the   p resence   o f   the   h igher -energy ,   h igher -Z  pene t ra t ing   nuc le i .   The  
pr imary  advantages of t h i s  mode a r e   t h e   l o w - e n e r g y   t h r e s h o l d s   a n d   t h e ,   l a r g e  ASl which 
permit d e t e r m i n a t i o n   o f   a n i s o t r o p i e s   a s   s m a l l   a s  1% i n  one  month  (based  on 30 d i f f e r e n c e  
i n   t h e   c o u n t i n g   r a t e s   o f  two t e l e s c o p e s ) .  
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C o m p l e t e   c h a r a c t e r i s t i c s   o f   t h i s  mode a r e   i n c l u d e d   i n   T a b l e  7-111. I n   t h i s  
t a b l e ,   t h e   f l u x   a t  1 AU is based on 1966  spectra ,   assuming  that   dJ /dE i s  c o n s t a n t  
below 10 MeV/nuc. Any s o l a r   c o n t r i b u t i o n  w i l l  i n c r e a s e   t h i s   r a t e .  The i n t e r s t e l l a r  
f lux   assumes  a t o t a l   e n e r g y  power  law  (dJ/dE - W - 2 ~ 6 5 ) ~   n o r m a l i z e d   t o   t h e   h i g h   e n e r g y  
(unrnodulated)   spectra  a t  E a r t h .  A less c o n s e r v a t i v e   e s t i m a t e  would cons ide rab ly  
enhance   the   event   ra t . e .  

In   the   double-parameter  mode, c h a r a c t e r i z e d  by L  L r t h e   p a r t i c l e   e n e r g y   l o s s  
i s  de t e rmined   i n   L1   and   t he   t o t a l   ene rgy  is t h e  sum ok ?l3and L2. The  dE/dx-E a n a l y s i s  
p rov ides   unambiguous   pa r t i c l e   i den ' t i f i ca t ion ,   w i th   i so tope   r e so lu t ion   t h rough  Be 
and   e lementa l   reso lu t ion   th rough  Fe .  The v e r y   t h i n  L1 d e t e c t o r  makes t h i s  mode 
p o s s i b l e  down t o  - 1.1 MeV fo r   hydrogen ,   w i th   t he   t h re sho ld   on ly  - 2.5 MeV/nuc f o r  
F e .   D e t a i l e d   c h a r a c t e r i s t i c s   a r e   i n c l u d e d   i n   T a b l e  7-111. 

I n   t h e   t r i p l e - p a r a m e t e r  mode (L1L2L3r4), t h e   p a r t i c l e ' s   e n e r g y - l o s s  i s  measured 
twice i n   t h e   i d e n t i c a l  L1  and L2 d e t e c t o r s ,   a n d   t h e   r e s i d u a l   e n e r g y  i s  measured i n  
L3  which i s  450 pm t h i c k .  The  advantage o f  the  double-dE/dx  measurement is d i scussed  
in   Appendix A 7 - I .  T h e   r e s o l u t i o n  and  background  re ject ion w i l l  b e   s i m i l a r   t o   t h a t  
a c h i e v e d   i n   t h e  HET. The t h r e s h o l d   e n e r g y   f o r   t h i s  mode i s  a s  low a s   p o s s i b l e  (1.8 MeV 
f o r  H, 4.8 MeV/nuc f o r   F e ) ,   w h i l e   t h e   u p p e r  limit (8 MeV f o r  H, 30 MeV/nuc f o r   F e )  
p r o v i d e s   s i g n i f i c a n t   o v e r l a p   w i t h   t h e  HET energy  range.   Table   7-111  provides   fur ther  
d e t a i l s .  

Table  7-111: LETS G a l a c t i c  Cosmic-Ray Response 
Kine t ic   Energy   Events lyear  Minimum I n t e r s t e l l a r  1 , 1 (MeV/nuc) * Aniso t  I n t e r -  

7 1 Mo. s t e l l a r  @ 1 AU Double* 1 T r i p l e *  
I 

'1 
uc leus  S ingle*  

I H  I 0.15-10 

L *Single ,  Mg Ca Fe  double,   an( 

I I 9 . 6 ~ 1 0 ~  I 4 . 2 ~ 1 0 ~  
I I 4 . 6 ~ 1 0 4  I 3 . 2 ~ 1 0 5  

1.1-1.8 I 1.8-8 I 1 . 3 ~ 1 0 ~  I 5.7x10? 
1.1-1.8 

100 15  4.7-28  2.5-4.7 
540 77 3.8-22  2.1-3.8 

2100  300  3.4-18 1.9-3.4 
2000 290  2.9-15  1.7-2.9 
130 19  2.2-11 1.2-2.2 

3. 1x104 4 . 5 ~ 1 0 3  '1.8-8 

2.5-4.8 1 4.8-30 56  400 
t r i p l e   p a r a m e t e r   ' a n a l y s i s  

1% 
4% 
3% 

12% 

0.4% 

3 %  

13 % 
13 % 

30 % I 
T o t a l   g e o m e t r i c   f a c t o r s :   1 2  cm'dr ( s ing le   pa rame te r )  

2 cm2 -sr ( d o u b l e   a n d   t r i p l e )  

Tab le  7-IV: Model  Trapped  Fluxes a t   J u p i t e r  

(cm-2-sec-1) (MeV) 
bis tance  P r o t o n   F l u x   S p e c t r a l  Peak 

(Rj) Nomina 1 Max Nomina 1 I Ma x 

6 3.9 2 . 3   1 . 4 ~ 1 0 7  
~ 7 . 5 ~ 1 0 3  

7 

0.13 0 . 0 7 5   1 . 7 ~ 1 0 6   2 . 6  20 

0.92 0.54 3. 2x106 4 .  Ox102 10 
2.5  1 .5  I. 0 ~ 1 0 7  3. 5x103 

15  

0.07  0.04 2 .4x105 0 .2  25 

0.29 0.17 1. lX107 28 

L 

Trapped,   Radiat ion  Response.   With  the  configurat ion  discussed  above,  a LET w i l l  
ana lyze  g.15 t o  8 MeV t r a p p e d   p r o t o n s   a n d   h e a v i e r   n u c l e i   w i t h   i n t e n s i t i e s  up t o   a t  
l e a s t   1 0  cm-2 sec-1. As shown i n   T a b l e  7-IV, t h i s  dynamic  range is idea l ly   matched  
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to   the  nominal   model   of   Jovian  t rapped  protons,   encompassing  the  f lux  and  the  energy 
o f   t h e   s p e c t r a l   p e a k   a t   p e r i a p s i s .   S h o u l d   P i o n e e r  10.  i n d i c a t e  a l a r g e r   t r a p p e d  
i n t e n s i t y ,   s u b s t i t u t i o n   o f   r e a d i l y   a v a i l a b l e ,   s m a l l e r   d e t e c t o r s   a n d   m i n o r   c h a n g e s  
i n   t h e   a m p l i f i e r s   c a n   e a s i l y   b e  made t o   o n e  LET s o  t h a t   i n t e n s i t i e s  up t o   a t   l e a s t  
108 cm-2 sec-1 can  be  measured.   This   modif icat ion  would  extend  the  dynamic  range 
to   inc lude   the   upper - l imi t -model   spec t rum  ( see   Table   7 - IV) .  The LET measurements 
w i l l  be  complemented  by  the HET and TET o u t s i d e  10 Rj, based on the   nomina l   Jup i t e r  
workshop  model. 

It s h o u l d   b e   p o i n t e d   o u t   t h a t  we do   no t   measure   e lec t rons   be low 1 MeV and 
nuc le i   be low  0 .15  MeV. We c o n s i d e r   t h e s e   t o   b e   o f   s u f f i c i e n t   i m p o r t a n c e   t h a t   t h e y  
should  be  measured on t h e  MJS mis s ions .  We would cons ide r   sha r ing   ou r   da t a   sys t em 
d u r i n g   t h e   ' e n c o u n t e r   p h a s e   s i n c e   t h i s  would a l low  add i t ion   o f   complemen ta ry   de t ec to r s  
a t   s i g n i f i c a n t   s a v i n g s   i n   w e i g h t ,  power  and c o s t .  

Background  Ef fec ts .   The   background  e f fec ts   a re   min imized   by   severa l   t echniques .  
The 20 pm de tec to r s   a r e   i n sens i t i ve   t o   min imum- ion iz ing   e l ec t rons   and   hydrogen .  A 
norma l ly   i nc iden t   nuc leus  must  have 2 2 5 t o   b e   d e t e c t e d .  The maximum e l e c t r o n  
s e n s i t i v i t y   f o r  L1 even t s  i s  < 10-3 a t   t h e  150 keV t h r e s h o l d ,   d e c r e a s i n g   t o  a f a c t o r   o f  
10  by  200 keV. For   L lL2   co inc idence ,   t he   s ens i t i v i ty  is << t h e  300 keV 
th resho ld  , and   dec reas ing   r ap id ly   w i th   i nc reas ing   ene rgy .  

C .  P r io r i ty   Sys t em  and  Memory f o r  HETS and LETS 

Dur ing   the   course   o f   the  MJS m i s s i o n   t h e r e  w i l l  be  many s i t u a t i o n s   w h e r e   t h e  
t e l e s c o p e   e v e n t   r a t e  w i l l  b e   l a r g e r   t h a n   t h e   s p a c e c r a f t   t e l e m e t r y   s y s t e m   c a n   h a n d l e .  
When th is   happens ,   the   exper iment   can   on ly   sample  a p o r t i o n  of t h e   i n c o m i n g   p a r t i c l e  
beam. We w i l l  i n c l u d e   i n   t h e   e x p e r i m e n t   e l e c t r o n i c s  a p r i o r i t y   s y s t e m   t o   b i a s   t h e  
sample   towards   the   ra re r   and   more   in te res t ing   events   tha t   occur   in   the   t e lescope .  
Rates w i l l  be   moni tored   cor responding   to   each   event   type  s o  t h a t   d u r i n g   h i g h - i n t e n s i t y  
p e r i o d s   a b s o l u t e   s p e c t r a   c a n  s t i l l  be   de te rmined .   The   order ing   of   the   p r ior i ty   sys tem 
will b e   v a r i e d   a s  a func t ion   of  time s o  t h a t  no s i n g l e   e v e n t   t y p e  w i l l  dominate. 
S y s t e m s   n e a r l y   i d e n t i c a l   t o   t h a t   d e s c r i b e d   a b o v e   h a v e   b e e n   s u c c e s s f u l l y   f l o w n  on 
b o t h   t h e  IMP V I  and   P ioneer   10   spacecraf t .  

Also d u r i n g   t h e   m i s s i o n   ( e s p e c i a l l y   t h e   l a t e r   p o r t i o n )   t r a c k i n g   c o v e r a g e  w i l l  
no t   be   con t inuous .  To i m p r o v e   t h e   s t a t i s t i c s  of t h e  rare species (e .g . ,  Be and  Fe) 
a memory i s  d e s i r a b l e   t o   s t o r e   r a r e   e v e n t s   s e l e c t e d  by t h e   p r i o r i t y   s y s t e m .   W i t h  
a sma l l  memory c a p a b l e   o f   s t o r i n g  500 e v e n t s  we w i l l  b e   a b l e   t o   a c c u m u l a t e   p r a c t i c a l l y  
a l l   s u c h   e v e n t s   o c c u r r i n g   d u r i n g  a one week i n t e r v a l .  

D. The E lec t ron   Te le scope  (TET) 

General   Descr ipt ionlMode of Opera t ion .  We have   been   ab le   t o   des ign ,  t e s t ,  and 
c a l i b r a t e  a r e l a t i v e l y   s i m p l e ,   s m a l l ,  and l i gh t -we igh t   e l ec t ron   ene rgy- spec t romete r  
f o r   t h e   c r u c i a l   e n e r g y   r a n g e  from abou t  5 MeV t o  110 MeV. The   u se   o f   nove l   i n t eg ra l  
d e t e c t o r - g u a r d i n g   d e v i c e s   a l l o w s   a n   a l l - s o l i d - s t a t e   d e t e c t o r   d e s i g n   w i t h   a d e q u a t e  
energy   reso lu t ion   and   background  re jec t ion ,  s o  tha t   mean ingfu l   spec t r a   can   be  
measured  even a t   t h e   r e l a t i v e l y  low e l e c t r o n   i n t e n s i t i e s   n e a r   E a r t h .  The  response 
o f   t h e   e l e c t r o n   t e l e s c o p e ,   i n c l u d i n g   t h e   e f f e c t s  of  background,  have  been  verified 
b y   a c c e l e r a t o r   c a l i b r a t i o n s   o f  a p ro to type  model   and  by  Monte-Carlo  calculat ions.  

. 

. 

F i g u r e  7-3 g i v e s  a s c h e m a t i c   c r o s s   s e c t i o n  of t he   p roposed   e l ec t ron   t e l e scope  
a long   w i th  a sumary   o f   i n s t rumen t   pa rame te r s .  The t e l e s c o p e   c o n s i s t s   o f   e i g h t  
s o l i d - s t a t e   d e t e c t o r s   ( D l  - Dg) and s i x   t u n g s t e n   a b s o r b e r s  (A1 - A6) i n  a c y l i n d r i c a l  
geometry .   The   de tec tor -absorber   s tack  is surrounded  by a g r i d  of s o l i d - s t a t e - g u a r d  
d e t e c t o r s  (G2 - GB)  w h i c h   r e p l a c e   t h e   c o n v e n t i o n a l   b u l k y   s c i n t i l l a t o r - p h o t o m u l t i p l i e r  
guard   counter .  
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G i  

THE  ELECTRON  TELESCOPE 
( T E T )  

D8 

Dl  = DETECTORS , 3 C M 2 x  1.5 M M ,  LiD 

A;  = TUNGSTEN ABSORBER ( p  = 19.3 g / C M 3 )  

Gi = GUARD  DETECTORS , 1.5 MM , L i  D 

F i g .  7-3 

ELECTRON KINETIC ENERGY (MeV) 

F i g .  7-4. T y p i c a l   e l e c t r o n   s p e c t r a  
( s o l i d   l i n e s )   f o r   h e l i o c e n t r i c  
r a d i i  o f  1 AU,  5 AU, a n d   t h e   i n t e r -  
s t e l l a r  medium. Data   po in ts  show 
t h e   r e s o l v i n g  power of t h e  HET and 
TET . 

E l e c t r o n s   a n d   t h e i r   e n e r g i e s  
a r e   i d e n t i f i e d  by a double-dE/dx 
measurement i n   d e t e c t o r s  Dl and 
D2 and  by a simultaneous  measure- 
ment   o f   the i r   range ,   as   de te rmined  
by t h e   p e n e t r a t i o n   o f   d e t e c t o r s  
D 3  through D7. The use   o f   range  
spec t roscopy ,   wh i l e   p rov id ing  
s a t i s f a c t o r y   e n e r g y   r e s o l u t i o n  
and   background  re jec t ion   ( see  
b e l o w ) ,   h a s   t h e   a d d i t i o n a l   v i r t u e  
o f   b e i n g   i n s e n s i t i v e   t o   e l e c t r o n i c  
g a i n   d r i f t s   w h i c h  may a r i s e   i n  
MJS-type long-term  missions.   The 
CIT l abora to ry   has   ove r  a decade 
of   experience  with  dE/dx-range-  
type   spec t romete r s ,   and   has  
success fu l ly   f l own   such   dev ices  
on t h e  X O - V I  s a t e l l i t e  and i n  
b a l l o o n   o p e r a t i o n s .  

Energy  Resolution/Background 
Ef fec t s .   Thorough   ene rgy   ca l i -  
b ra t ions   o f   p ro to types  o f  e l e c t r o n  
r ange - t e l e scopes   fo r   ene rg ie s  from 
1 MeV t o  1 G e V  have  been  performed 
on p a r t i c l e   a c c e l e r a t o r s  (see 
Appe.ndix  A7-11).  These  data 
a l low  the   un fo ld ing   o f   ene rgy  
spectra  from  measured  range I 

d i s t r i b u t i o n s   w i t h   a c c u r a c y   c o m p a r a b l e   t o   t h a t  
ach ieved   u s ing   t o t a l - abso rp t ion   spec t romete r s .  
As an  example,  we show i n   T a b l e  7-V the   expec ted  
r a n g e   d i s t r i b u t i o n s   ( d e t e r m i n e d   f r o m   t h e   c a l i b r a t e d  
d e t e c t o r   r e s p o n s e )   f o r   t h e   t h r e e   t y p i c a l   e l e c t r o n  
e n e r g y   s p e c t r a  shown i n   F i g u r e  7-4.  The a p p l i -  
c a t i o n   o f  a s imple un fo ld ing   t echn ique   t o   t hese  
d a t a   r e s u l t s   i n   t h e   v e r y   s a t i s f a c t o r y   r e p r o d u c t i o n  
o f  t h e   i n p u t   s p e c t r a  shown by t h e  TET d a t a   p o i n t s  
i n   F i g u r e  7-4. F i g u r e  7-4 a l s o   i n c l u d e s   t h e  
expec ted   da ta   po in ts   f rom  the  HET t e l e s c o p e s ,  
showing  the  adequate   overlap  of   energy  ranges  for  
TET and HET . 

The  dashed   a reas   in   F igure  7-4 i n d i c a t e  
c o n s e r v a t i v e   e s t i m a t e s   o f  maximum background 
levels  du r ing   t he   mi s s ion ,   wh ich   a r e   caused   by  
t h e   s p a c e c r a f t  RTG's (below - 2 .5  MeV) o r  by 
i n t e r a c t i n g   h i g h - e n e r g y   p r o t o n s   i n   t h e   d e t e c t o r  
s t a c k .  The RTG background   l eve l s   a r e   ob ta ined  
from d i r e c t   c a l i b r a t i o n s   o f   t h e  GSFC/UNH Pioneer  1 0  
t e l e scope .   The   bas i c  D1D2D3 coincidence  requirement ,  
wh ich   i nc ludes   t he   abso rbe r  A I ,  makes TET i n -  
s e n s i t i v e   t o  RTG-background.  The  proton  induced 
background  (above - 2 . 5  MeV) h a s   b e e n   c a l c u l a t e d  
by  Monte-Carlo  techniques  for   the maximum f l u x  
leve ls   o f   p r imary   cosmic   rays   dur ing   the  MJS 
missions.   The  Monte-Carlo  programs  and  the  nuclear  
c r o s s   s e c t i o n s   u s e d   i n   t h e   c a l c u l a t i o n s   h a v e   b e e n  
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s u c c e s s f u l l y   a p p l i e d  by the   Ca l t ech   l abo ra to ry   t o   o the r   cosmic - ray   t e l e scopes   w i th  
e x t e n s i v e   v e r i f i c a t i o n s   o n   p a r t i c l e   a c c e l e r a t o r s  and i n   n a t u r e .   D e f i n i t i v e   e l e c t r o n  
e n e r g y   s p e c t r a   c a n  be  measured  for a l l  phases   o f   the  MJS miss ions   ( see   F ig .  7-4, 
7 - V )  wi thou t   s ign i f i can t   background   i n t e r f e rence .  

Table  7-V:  T e l e s c o p e   r a n g e   d i s t r i b u t i o n s  and maximum background  levels  
f o r   t h r e e   t y p i c a l   c o s m i c - r a y   e l e c t r o n   s p e c t r a  shown i n  
Fig.   7-4.   (See  App.A7-11  for  details)  

Range 

5.2x102  5. 2x105 1 .6x104 1 . 6 ~ 1 0 ~  1.4 D l .  .. D4 

2 3 . 9 ~ 1 0  1. 6x106 3 .4x104 1. 8x103 1.8 D1D2D3 

Background I n t e r s t e l l a r  5 AU 1 AU Fac tor  (Di ' s   t r iggered)  
Max. Geometry 

Counts/month 

(cm2-sr) 

D l  ... D5 

5.  2x102 7 .3x104  6. Ox1O3 1 .4x103 0.8 D l  ... D6 

5 * 2x102 1 .7x105 8 .6x103 1 .4x103 1 .0  

Dl. . .  D, 7 . ~ 0 2  4.  2x104 4. 9x103 1 .4x103 0.6 

Table 

E. Data   Analysis  

I n i t i a l   r o u t i n e   p r o c e s s i n g   o f   t h e   d a t a  w i l l  be performed  on  the  360175  computer 
a t  Goddard. The Goddard  Pioneer 10 programs  have i n   g e n e r a l   b e e n   w r i t t e n   i n  a 
modularized  form. It i s  a n t i c i p a t e d   t h a t   o u r  MJS da ta   reduct ion   sys tem  wi th  i t s  
many s i m i l a r i t i e s   t o   P i o n e e r  10 w i l l  make extensive  use  of   these  program  modules .  
The  Goddard  programs w i l l  reformat   and  compress   the  data   onto a new set  of  magnetic 
tapes .   Copies   o f   these   t apes  w i l l  t h e n  be f o r w a r d e d   t o   t h e   p a r t i c i p a t i n g   i n s t i t u t i o n s :  
W h i l e   e a c h   i n s t i t u t i o n  w i l l  h a v e   w e l l   d e f i n e d   r e s p o n s i b i l i t i e s   f o r   a n a l y s i s  o f  s p e c i f i c  
p o r t i o n s   o f   t h e   d a t a ,   t h e   i n i t i a l   p a p e r s  w i l l  r e p r e s e n t  a j o i n t   e f f o r t   o f   a l l   s e v e n  
i n v e s t i g a t o r s .  

11. E l e c t r o n i c   I n s t r u m e n t a t i o n  

In t roduct ion   and   Phi losophy:  A l l  o f   t h e   e l e c t r o n i c   c i r c u i t r y  we a re   p ropos ing  
i s  t a k e n   d i r e c t l y   f r o m y o r  i s  ve ry   s imi l a r   t o ,   bo th   t ha t  on the  GSFCIUNH experiment  on 
Pioneer  10/G  and  the GSFC/CSIRO experiment   on  Hel ios  A / B .  All p a r t s  and  methods  pro- 
posed  are   l ikewise  par ts   which  meet   Pioneer ,  GSFC a n d   H e l i o s   r e l i a b i l i t y   r e q u i r e m e n t s  
and  which  have  passed  thorough  screening  programs. The p a r t s   i n   t h e   l i n e a r   s y s t e m s ,  
i nc lud ing   p reamps /amps ,   t h re sho ld   c i r cu i t ry ,   dec i s ion   l og ic ,   pu l se -he igh t   ana lyze r s ,  
power s u p p l i e s ,   e t c . ,   h a v e   a l s o   q u a l i f i e d   f o r  manned s p a c e   r a t i n g ,   a n d  a system w i l l  c 

f l y  on ATM. S i m i l a r   c i r c u i t r y  on OGO, IMP and  Pioneer G have   a l ready   demonst ra ted  
l i f e t imes   o f   de t ec to r s   and   e l ec t ron ic s   fo r   pe r iods   comparab le   w i th   t he   p roposed  MJS 
miss ion .  Thus, the  performance  of   the  system  can be a c c u r a t e l y   p r e d i c t e d ,   a n d  one  can 
have   g rea t   con f idence   i n   t he   we igh t ,   pa re r ,   cos t   and   s chedu le   e s t ima tes .  

Our des ign   ph i losophy  revolves   about   sys tems  and   c i rcu i t s   which   have  a demonstrated 
p e r f o r m a n c e   a n d   r e l i a b i l i t y   i n   s i m i l a r   e n v i r o n m e n t s .   U s i n g   r e l i a b i l i t y   s t u d i e s   o f  
our  Pioneer  instrumentation  and  with  the  redundancy  schemes w e  p ropose   he re ,  we 
be l i eve   t he   i n s t rumen t  w i l l  h a v e   a n   o p e r a t i n g   l i f e t i m e   i n   e x c e s s   o f   f i v e   y e a r s   a t  
a 95% c o n f i d e n c e   l e v e l .  The High-Energy  Telescope  System (HETS) has  2 t e l e s c o p e s ,  
each   w i th  i t s  own e l ec t ron ic s   sys t em.  One of   these   t e lescopes   can   be   ro ta ted   f rom 
0" t o  90"  and 180", b o t h   t o   m e a s u r e   a n i s o t r o p i e s   a n d   t o   i n t e r c a l i b r a t e   t h e   t e l e -  
scopes   ( the  way i t  can  be done   wi th   the   requi red   accuracy) .  The HETS e l e c t r o n i c s  
systems  downstream  of  the  preamphmplifiers  can be c ros s - s t r apped  by command SO 

t h a t  HET #1 feeds   t he  HET #2 e l e c t r o n i c s ,  e t c .  I n   t h i s  way one  or  .b6th  of  the HET 
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t e l e s c o p e s   c a n   d r i v e   e i t h e r  PHA/data sys tem  in   an   on-board ,   two-shared  mode. 
S i m i l a r l y ,   t h e  LETS provides   redundancy  as  well  a s   measu r ing   an i so t rop ie s   and   p i t ch -  
a n g l e   d i s t r i b u t i o n s .  The use  of  the GSFC custom-designed  family  of  P-channel,  
LSI  MOSFET c i r c u i t s  i s  i d e a l   f o r   t h i s   a p p l i c a t i o n ,   s i n c e  i t  a l lows  a r e l i a b l e   d a t a  

ana lyzers   and  64 r a t e -coun t ing   channe l s   s imu l t aneous ly .  The sys t em  des ign   f ea tu re s  
many p a r a l l e l   p a t h s  and command c o n t r o l ,  so  t h a t   e v e n  a  component f a i l u r e  i s  u n l i k e l y  
t o   a f f e c t   o t h e r   t h a n  a small par t   of   the   experiment .   Thus,  we a r e   d e a l i n g   w i t h  a 
fami l ia r   sys tem  which   has  a d e m o n s t r a t e d   r e l i a b i l i t y .  

. sys tem  wi th  low weight  and power  consumption,  which  accomodates 8 p u l s e - h e i g h t  

S o l i d - s t a t e   D e t e c t o r s :   T h i s   e x p e r i m e n t   u s e s   b o t h   s i l i c o n   s u r f a c e - b a r r i e r   d e t e c t o r s  
a n d   l i t h i u m - d r i f t e d   s i l i c o n   d e t e c t o r s .   I n v e s t i g a t o r s   f r o m   a l l   t h r e e   i n s t i t u t i o n s  
have   had   ex tens ive   exper ience   wi th   these   devices   over   the   pas t  10 years .   Wel l -  
i n s t r u m e n t e d   l a b o r a t o r i e s   e x i s t   f o r   t h e   t e s t i n g   a n d   q u a l i f i c a t i o n   o f   t h e s e   d e v i c e s  
f o r   s p a c e   f l i g h t .  The l i f e t i m e   o f   t h e s e   s o l i d - s t a t e   d e t e c t o r s   o n   t h e s e   m i s s i o n s  
w i l l  be determined by r a d i a t i o n  damage e f f e c t s   a l o n e .  The f l u e n c e s   o f   e l e c t r o n s  
a n d   p r o t o n s   i d e n t i f i e d   i n   T a b l e  G-2  o f   the   appendix   to   the  :-instructions 
a re   abou t  two orders   of   magni tude  below  the  point   where  the damage e f f e c t s   b e g i n  
t o  be a p r o b l e m   f o r   o u r   d e t e c t o r s .  However, t h e r e  i s  no s p e c i f i c a t i o n   f o r   l o w e r -  

. ene rgy   p ro tons ,   i n   t he   r ange  100 KeV t o  a  few MeV, f o r   i n s t a n c e ,  and t h e   e f f e c t s  
o f   t h e s e   p a r t i c l e s   a r e   m o s t   i m p o r t a n t   f o r   e x p o s e d   s y s t e m s   s u c h   a s   t h e  o termost  
e l e m e n t s   i n  a t e l e s c o p e .  Our d e t e c t o r s   a r e   a b l e   t o   t o l e r a t e   t o  loy8 p/cm 2 
depending   upon  the   spec t ra l   shape   and   de tec tor   th ickness .  

- The RTG neut ron   f luence   des ign   requi rement   for   the  MJS s p a c e c r a f t  i s  < IO1' p/cm 2 

(En - 2.5 MeV) and i s  n e a r   t o   t h e   t o l e r a b l e  l i m i t  f o r   o u r   l i t h i u m - d r i f t e d   s i l i c o n  
d e t e c t b r s   o p e r a t e d   i n   t h e   h i &   b i a s   r e g i o n  (- 200 v o l t s   p e r  mm). We have  always 
u s e d   t h e s e   h i g h   b i a s   d e t e c t o r s   d e s p i t e  a s e r i o u s   c o s t   p e n a l t y ,   a n d   t h e   r e s u l t s  
pub l i shed  by the   E lec t ron   Dev ices   Sec t ion ,   Na t iona l   Bureau   o f   S t anda rds   i n  the 
p a s t  two yea r s   have   c l ea r ly  shown the   va lue   o f   t h i s   conse rva t i sm.  Low b i a s  
d e t e c t o r s  (50 t o  100 v o l t s   p e r  mm) a r e   a b l e   t o   t o l e r a t e   o n l y   a b o u t  109n/cm2 be fo re  
t h e  damage e f f e c t s   a r e   a p p a r e n t .   T h e s e   e f f e c t s   a r e   i n s i d i o u s   f o r   a n a l y t i c a l  
nuc lear -par t ic le   exper iments ,   because  a s e r i o u s   r e d u c t i o n   i n   c h a r g e   c o l l e c t i o n  
e f f i c i e n c y   ( d u e   t o   t r a p p i n g )   o c c u r s   l o n g   b e f o r e   i n c r e a s e s   i n   l e a k a g e   c u r r e n t   o r  
n o i s e  become  a problem. 

Elec t ronics   Sys tem:  The fundamenta l   opera t ion   of   each   of   the   t e lescope   sys tems 
h a s   a l r e a d y   b e e n   d i s c u s s e d   i n   S e c t i o n  7.1.  Figure  7-5 shows s i m p l i f i e d   b l o c k  
diagrams  of a HET, LET and TET e l ec t ron ic s   sys t em.  The r a t e   o u t p u t s   a n d   c r o s s -  
s t r app ing   p rov i s ions   have   been   l e f t   ou t   o f   t he   d i ag rams   fo r   c l a r i t y .   Bas i ca l ly  
t h e   c h a r g e   c o l l e c t e d   i n   t h e   s o l i d - s t a t e   d e t e c t o r  i s  conve r t ed   t o  a v o l t a g e   p u l s e  
i n  a cha rge - sens i t i ve   p reampl i f i e r ;   ampl i f i ed   and   shaped ;   app l i ed   t o   va r ious  
t h r e s h o l d   c i r c u i t s ;   l o g i c a l   c o n d i t i o n s   a r e   f o r m e d ;  a comparison i s  made wi th   any  
e v e n t   n o t   y e t   r e a d   i n t o   t e l e m e t r y   a n d   t h e   e x i s t i n g   p r i o r i t y   c o n d i t i o n ;   t h e  
appropr i a t e   l i nea r   ga t e s   a r e   opened   t o   enab le   pu l se -he igh t   ana lys i s ;   and   t he  
a d d r e s s e s   a r e   t h e n   s t o r e d   i n   t h e   d a t a   s y s t e m   w i t h   t h e i r   a u x i l i a r y   b i t s   a w a i t i n g  
r e a d o u t .   I n   p a r a l l e l   t o   t h e   a b o v e ,   t h e   l a r g e  number o f   l o g i c a l   r a t e s   a r e   b e i n g  
summed p e r   r e a d o u t   i n t e r v a l   i n   2 4 - b i t   r e g i s t e r s   i n   t h e   d a t a   s y s t e m   a n d   l o g - c o m p r e s s e d  
f o r   t e l e m e t r y   r e a d o u t .  The cons t ruc t ion   o f   t he   l i nea r ,   dec i s ion -mak ing   and  PHA 
c i r c u i t r y  i s  predominant lyawith  discrete   components  on small h y b r i d   s u b s t r a t e s .  
The command a n d   c o n t r o l   c i r c u i t r y  i s  a m i x t u r e   o f   h y b r i d   b i p o l a r  and T2L l o g i c   o f  
the  54L s e r i e s .  The process ing   da ta   sys tem  uses   cus tom LSI  MOSFET c i r c u i t s  (AMI). 

Performance: The most  demanding  requirement  placed  upon  the  instrumentation i s  t h e  
l a r g e  dynamic   r ange   r equ i r ed ,   e spec ia l ly   i n  HETS. This  i s  accomplished by u s i n g  
o u r   e x i s t i n g   p u l s e - h e i g h t   a n a l y z e r   w i t h  a fu l l   sca le   range   of   4096,   and   ga in   swi tch-  
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i n g   c h a r g e - s e n s i t i v e   p r e a m p l i f i e r s .  The PHA s y s t e m   h a s   a n   i n t e g r a l   l i n e a r i t y   o f  - 0.1% and  a d i f f e r e n t i a l   l i n e a r i t y   o f  4 2 %. Gain   swi t ch ing   i n   t he  preamp i s  
accomplished by swi tch ing   the   feedback   capac i tor  by  a f a c t o r   o f  4 o r  8 a s  i s  
a p p r o p r i a t e   f o r   t h a t   d e t e c t o r .  The LETS u s e s  two d i f f e r e n t   g a i n   p a t h s   i n   t h e   p o s t -  
a m p l i f i e r   f o r   d e t e c t p r  L3 c o r r e s p o n d i n g   t o   p a r t i c l e s   w i t h  Z > 2 and Z I; 2 .  The 
l a t t e r   d e c i s i o n  i s  made by  forming a l i n e a r  sum of L l ,  L2, and L3 and  apply ing   the  
sum pulse t o  a t h re sho ld   d i sc r imina to r .   These   sys t ems   bu i l t   f o r   P ionee r  10/G and 
Hel ios   have  demonstrated a s tab le .   per formance   over   the   t empera ture   range   f rom -40°C 
t o  +60"C. An upper   thermal  l i m i t  of +35"C i s  set  by t h e   s o l i d - s t a t e   d e t e c t o r s ,   s i n c e  
the i r   pe r fo rmance   l i f e t imes   canno t   be   gua ran teed   a t   h igh   t empera tu res .  

R o t a t i o n  Mechanism: We h a v e   b u i l t  and t e s t e d   a t  GSFC the   device   p roposed   here .  
It is  v e r y   s i m i l a r   t o   t h e   r o t a t i o n  mechanisms  used f o r   t h e   p a s t  10 years   on IMP. 
Thermal   expans ion   of   an   o rganic   mater ia l  i s  u s e d   t o   d r i v e  a s e a l e d   p i s t o n l s h a f t   i n  
one-dimensional   motion  against  a s p r i n g .  The s h a f t   d r i v e s  a rack   gear   which  i s  
meshed w i t h  a p in ion   gear ,   p roducing   ro ta ry   mot ion .   S tops   a re   p rovided  a t  90" and 
180"  using  detents   and  microswitches.   Applying power  beyond 180" r e s u l t s ' i n   t h e  
d e t e n t s   b e i n g   r e t r a c t e d   u n t i l   t h e   s y s t e m   r e t u r n s   t o  0" .  A t e s t   s y s t e m   i n  vacuum 
r e q u i r e s  5 w a t t s   f o r  - 10 minutes   to   accompl ish  180" r o t a t i o n .   F o r   t h e  MJS mis s ion  
we p l a n  a  commandable cyc le   ra te   which   would   a l low  cyc les   f rom  perhaps  4 per  day 
down t o  1 eve ry  4 d a y s   i n  a b inary   sequence .  The sys tem  has   an   average  power 
consumption  near   zero,obviously,  i s  non-magnet ic   and  has   a l ready shown l i f e t i m e s  
g r e a t e r   t h a n  5 y e a r s  on  a s i n g l e  IMP'. The des ign   and   ac t ion  i s  v e r y   p o s i t i v e ,  
s i n c e   t h e   s h a f t   c a n   d e v e l o p   u p   t o  35 pounds  of  force.  

Weight  and  Power:  Analyses  are  summarized in   t he   Append ix  A7-111 l e a d i n g   t o  a 
weight  estimate of 4.45 Kg and  4.8 wat ts   assuming 80% e f f i c i e n c y   f o r   t h e  AC/DC 
conversion.  

Conf igu ra t ion :   Cons i s t en t   w i th   t he  JPL l i t e r a t u r e ,  w e  e n v i s i o n   t h e   e n t i r e  
experiment  being  mounted i n   t h e   c r u i s e - s c i e n c e   a r e a   n e a r   t h e   e d g e   o f   t h e   d i s h .  The 
t e l e s c o p e s   a n d   p r e a m p l i f i e r s   a r e   m o u n t e d   o n   t o p   o f   a n   e l e c t r o n i c s   b o x   o f   a p p r o x i m a t e l y  
30 cm x 30 cm x 20 cm. The o v e r a l l   h e i g h t  w i l l  be  35 cm high  and w i l l  a l low  the  
t e l e s c o p e   s y s t e m s   t o   l o o k   o r   s c a n   i n   t h e   e c l i p t i c   p l a n e   w i t h   t h e   e x c e p t i o n   o f  one 
LET which  looks  normal   to   the  plane.  

Data   Storage  Option:   Consider ing  the  planned  te lemetry  coverage,   data   s torage 
fo r  r a r e   e v e n t s  i s  h i g h l y   d e s i r a b l e   f o r   t h i s   e x p e r i m e n t .   C o n s i d e r i n g   f u r t h e r   t h a t  
one may indeed   go   as   long   as  a  week i n  some i n s t a n c e s   b e t w e e n   t e l e m e t r y   c o n t a c t s ,  
a minimum memory s i z e   o f  500 e v e n t s  of 45 b i t s   e a c h  i s  r e q u i r e d .   I f   t h i s   s t o r a g e  
i s  n o t   a v a i l a b l e   o n   t h e   s p a c e c r a f t ,  i t  cou ld  be i n c l u d e d   w i t h   t h i s   e x p e r i m e n t   a s  
p a r t  of our   data   system.  Implementing  the  s torage  with  our   present   P-channel  MOS 
t e c h n i q u e s ,   1 6   4 5 - b i t   w o r d s   w i t h   c o n t r o l   c i r c u i t r y   c o u l d   b e   p u t   o n  one ch ip .  Thus 
32 i n t e g r a t e d   c i r c u i t s   c o u l d   p r o v i d e   s t o r a g e   o f  512 r a r e   e v e n t s   a t  a cos t   o f   about  
180 grams  and  500 mw of  secondary  power. 
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i tment  , 8 ,9 ,10 :   P r inc ipa l   Inves t iga to r   and   Co- Inves t iga to r   Respons ib i l i t y ,   Corn  
R e l e v a n t   S c i e n t i f i c   E x p e r i e n c e  and  Biographical   Information.  

A b r i e f  summary of   these   i t ems   a re   g iven   be low.  They a r e   c o v e r e d   i n  
much g r e a t e r   d e t a i l   i n   t h e  Management Sect ion  and  in   Appendix  A10-I .  It i s  
assumed tha t   t he   da t a   ana lys i s   and   sys t ems   des ign  w i l l  be shared  among a l l  seven 
i n v e s t i g a t o r s .  This w i l l  be the   ma jo r   r e sea rch  commitment  of a l l  seven 
i n d i v i d u a l s .  

J. R.  J o k i p i i  (32) Assoc ia t e   P ro fes so r   o f   Theore t i ca l   Phys i c s ,  CIT.  Theory  of 
b smic - ray   p ropaga t ion   i n   so l a r   w ind   and   ga l axy .   As t rophys ica l   p l a sma   phys i c s   and  
r ad io   a s t ronomy.   Coord ina te s   t heo re t i ca l  work re la ted   to   exper iment   deve lopment  
a n d   a n a l y s i s .  

F. B. McDonald ( 4 7 )  Head,  Laboratory  for  High  Energy  Astrophysics,  GSFC, and 
Professor   of   Physics   (P.T.)   Universi ty   of   Maryland.   Studies   of   Galact ic   and 
So la r  Cosmic  Rays. P r i n c i p a l   I n v e s t i g a t o r   f o r  Cosmic Ray Experiments  flown  on 
Exp. X I I ,  X I V ,  IMPS I - V I ,  OGO I, 111, V ,  Pioneer  10.  Will be concerned   wi th  
&sign   of  HET System. 

E. C.  Stone ' ( 3 6 )  Associa te   Professor   o f   Phys ics ,  C I T .  So la r  .and G a l a c t i c  Cosmic 
Rays ,   Ene rge t i c   Pa r t i c l e s   i n   t he   Magne tosphe re .   Co- inves t iga to r  on  Discover  31, 
36, OGO I1 and I V Y  HEAO A .  Cosmic-ray  experiments  and P.I .  on OGO V I ,  IMPS H 
and J. P r i m a r y   r e s p o n s i b i l i t y   f o r  LET. 

B. J. Teegarden ( 3 2 )  P h y s i c i s t ,   L a b o r a t o r y   f o r  High  Energy  Astrophysics,  GSFC. 
Cosmic-Ray S tud ie s .  Co. I. on  Goddard  Cosmic Ray Experiment on OGO I, 111, V ,  
IMP'S I V  and V ,  P ioneers  10 & G. Will have   p r imary   r e spons ib i l i t y   fo r  HET des ign .  

J. Tra ino r  ( 3 7 )  Head,   Laboratory  for   High  Energy  Astrophysics ,   Instrumentat ion 
Branch .   E lec t ron ic s ,   t r apped   r ad ia t ion ,   so l a r   and   ga l ac t i c   cosmic   r ays .  
Co. I. on IMP V ,  H and J, Pioneer  10  and G,  P, I. Hel ios  A and B cosmic  ray 
exper iment .   Respons ib le   for   e lec t ronics   and   mechanica l   sys tems.  

R. E. Vogt ( 4 2 )  Professor   o f   Phys ics ,  CIT. Resea rch   on   t he   a s t rophys ica l   a spec t s  
of cosmic   r ad ia t ion .  Co. I. on  cosmic-ray  experiments  on OGO V I ,  IMP H and J 
and HEAO A. P r i n c i p a l   I n v e s t i g a t o r   a n d  w i l l  h a v e   p r i m a r y   r e s p o n s i b i l i t y   f o r   t h e  
TET development. 

W. R. Webber ( 4 3 )  Professor   of   Physics   and  Director   of   Space '   Science  Center ,  
U n i v e r s i t y   o f  New Hampshi re .   Galac t ic   and   so la r   cosmic- ray   s tud ies .  P.I .  on 
cosmic  ray  experiments  f lown  on OGO I1 and I V Y  Pioneer  8 and 9, Co. I. on 
Pioneer   10.  Will be  concerned  with  the  design  of  HET and E T .  

L 
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Appendix  A7-I 

BACKGROUND AND RESOLUTION 

P 

D e t e c t o r   b a c k g r o u n d   i n   t h i s   d i s c u s s i o n  i s  def ined  as the   r andomly   d i s t r ibu ted  
e v e n t s   w h i c h   c h a r a c t e r i s t i c a l l y   a p p e a r   i n   a n y   p l o t   o f  dE/dx v s .  E d a t a .   D e t e c t o r  
r e s o l u t i o n  i s  def ined   s imply  as the   percentage   wid th   o f  a dE,fdx v s .  E t r a c k .  The 
opt imiza t ion   of   bo th   o f   these   quant i t ies  i s  impor t an t   i f   one  i s  t o   b e   a b l e   t o   p e r -  
f o r m   i s o t o p i c   a n a l y s i s  and t o   s e p a r a t e   t h e   c l o s e l y   s p a c e d   t r a c k s  of t he   heavy   e l e -  
ments.  

Detector  background i s  predominant ly   produced  by  par t ic les   which  undergo  cat-  
a s t r o p h i c   n u c l e a r   i n t e r a c t i o n s   w i t h i n   t h e   t h i c k   s t a c k  (C, - C 4 ) .  Low-energy  secondary 
produces  can  be  produced  which  exit   through  the  dE/dx  elements  and  masquerade as 
h e a v y   p a r t i c l e s .  A redundant  dE/dx  measurement i s  a n   e x t r e m e l y   v a l u a b l e   t o o l   i n  
r e j e c t i n g   t h i s   k i n d  of  background.  Such  slow  moving  secondary  products  would,in 
gene ra1 ,no t   be   expec ted   t o   p roduce   i den t i ca l   ou tpu t s   i n   t he   dE /dx   e l emen t s   and  would 
be   e l imina ted  by t h e   a p p l i c a t i o n   o f  a c o n s i s t e n c y   c r i t e r i o n .   E v i d e n c e   i n   s u p p o r t  
o f   t h i s   c o n c l u s i o n   i s  shown i n   F i g .  A7-2. Th i s  is data  taken  from  the  Goddard - Univ. 
of  New Hampshire  cosmic  ray  experiment on t h e   P i o n e e r   1 0   s p a c e c r a f t .  The P ioneer  
10 t e l e s c o p e  i s  similar t o   t h e  W S  HET,with t h e  one   impor tan t   except ion   tha t  no guard- 
r i n g   d e t e c t o r s  were used.  Background  on  Pioneer 10 i s   r e j e c t e d   o n l y  by t h e   u s e  of 
double-dE/dx   and   range   c r i te r ia .  The d a t a  shown i s  a p l o t  of   the   ou tput   o f   the   f ront  
e l emen t   v s .   t he   ou tpu t  o f  t he   s t ack .   The   p rominen t   l i ne  i s  due t o   q u i e t - t i m e   a l p h a  
p a r t ’ c l e s .  The s i g n a l - t o - b a c k g r o u n d   r a t i o   i n   t h i s   d a t a  i s  remarkably  good. 3He 
and ‘He w i l l  b e   e a s i l y   r e s o l v a b l e .  Also t h e   l i g h t   e l e m e n t   r e g i o n   a b o v e   t h e   a l p h a   l i n e  
i s  almost   completely  background  f ree .  We emphasize  that   our  MJS H i  h-Ener y Tele-  
scope w i l l  be s i g n i f i c a n t l y   b e t t e r   t h a n   t h i s   d u e   t o   t h e   u s e   o f   g u a r 3   r i n g   ~ e t e c t o r s .  

The f a c t   t h a t   t h e  HET i s  b u i l t   e n t i r e l y   o u t  of s o l i d - s t a t e   d e t e c t o r s   S l i m i n a t e s  
a number of p r o b l e m s   a s s o c i a t e d   w i t h   t e l e s c o p e s   u s i n g   s c i n t i l l a t o r s .   L i g h t   c o l l e c t i o n  
non-uni formi t ies  as w e l l  as n o n - l i n e a r i t i e s   i n   t h e   l i g h t   o u t p u t  as a func t ion   of  
energy loss are no t  a p r o b l e m   w i t h   s o l i d   s t a t e   d e t e c t o r s .   T h e  HET will be   capable   o f  
r e s o l v i n g   i s o t o p e s  a t  l e a s t  as Ear as 1 4 N  and 15N. The 14N and 1 5 N  t r a c k s   a r e  
sepa ra t ed  by 5.3% i n   t h e  dE /dx   coord ina te .   Pa th l eng th   va r i a t ions  and  Landau  fluctua- 
t i o n s  w i l l  e ach   be   l e s s   t han  2% (FWHM) over   t he  S, r a n g e   i n   t h e  HET. De tec to r  + pre -  
amp noise will be  less t h a n  100 KeV FWHM i n   t h e  dE/dx  e lements .   Since  the minimum 
energy loss i n   t h e  B, e lemen t   fo r  a 14N nucleus  i s  82 MeV, t h e   d e t e c t o r  + preamp n o i s e  
c o n t r i b u t i o n  will b e   l e s s   t h a n  0.2% . S i n c e   t h e   a b o v e   e f f e c t s  add q u a d r a t i c a l l y ,  
t h e   t o t a l   t r a c k   w i d t h   f o r  1 2 C  will t h e r e f o r e   b e   l e s s   t h a n  3% which w i l l  pe rmi t   t he  
s e p a r a t i o n  of  l2C  and 1% o v e r   t h e   e n t i r e  S2 range  of   the HET. 
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Appendix  A7-I1 

1. Elec t ron-Telescode  (TET) C a l i b r a t i o n s  

F i g .  A7-3 shows t h e   e l e c t r o n - c a l i b r a t i o n   r e s u l t s   f o r  a dE/dx-range  prototype 
t e l e s c o p e .  Data between 5 MeV a n d  70 MeV were o b t a i n e d   i n   J u l y  1972 a t  t h e  NRL 
e l e c t r o n   a c c e l e r a t o r ,   w h i l e   t h e   c a l i b r a t i o n   d a t a   a b o v e   7 0  MeV are based on e a r l i e r  
s t u d i e s   w i t h   t h e   C a l t e c h   e l e c t r o n   s y n c h r o t r o n .  

T h e   c a l i b r a t i o n   d a t a   a p p l y   t o   t h e   t e l e s c o p e   s p e c i f i e d   i n   t h e   i n s e t   o f  
F i g .  A7-3,  which i s  a l m o s t   i d e n t i c a l   t o   t h e   p r o p o s e d  MJS e l e c t r o n   t e l e s c o p e .  

The   da ta  shown i n   F i g .  A7-3 are r e sponse   cu rves   o f   t he   t e l e scope   t o  mono- 
e n e r g e t i c   e l e c t r o n   b e a m s ,   i n d i c a t i n g   t h e   f r a c t i o n a l   d i s t r i b u t i o n  of t h e s e   e l e c t r o n s  
over   the   t e lescope   ranges .   These   response   curves  show a n   e q u i v a l e n t   e n e r g y   r e s o l u t i o n  
which i s  comparable i n   q u a l i t y   t o   t h o s e  of   to ta l -energy-absorp t ion   type   devices .  
The r e sponse   cu rves   fo rm  the   bas i s   o f  a convers ion   mat r ix   which  is used t o   u n f o l d  
e n e r g y   s p e c t r a   f r o m   r a n g e   d i s t r i b u t i o n s ,  as i l l u s t r a t e d   i n   F i g u r e   7 - 4  and  Table 7-V.  

2 .  Typica l   E lec t ron   Ene rgy   Spec t r a  A t  1 A U ,  5 AU, And The I n t e r s t e l l a r  Medium For 
The MJS Miss ions .  

The t h r e e   e n e r g y   s p e c t r a   u s e d   i n   F i g u r e  7-4  and  Table 7-V € o r   i l l u s t r a t i o n  
p u r p o s e s   r e p r e s e n t   r e a l i s t i c   e s t i m a t e s   f o r   t h e  WS miss ions .  

The i n t e r s t e l l a r   e l e c t r o n   s p e c t r u m  ( IS )  shown i s  based   upon  the   ga lac t ic  non- 
thermal   rad io   spec t rum  for   energ ies .above   severa l   hundred  MeV and r e p r e s e n t s  a power- 
law e x t r a p o l a t i o n  a t  lower   energ ies .   The   spec t ra  shown f o r  5 AU, and 1 AU have  been 
d e r i v e d   f r o m   t h e   i n t e r s t e l l a r   s p e c t r u m  by use  of   numerical   solut ions  of   the   cosmic-  
r a y   t r a n s p o r t   e q u a t i o n   u s i n g   a c c e p t e d   v a l u e s   f o r   t h e   s o l a r  wind v e l o c i t y  and the  cosmic- 
r a y   d i f f u s i o n   c o e f f i c i e n t s .   I n   a d d i t i o n ,   t h e   c a l c u l a t e d   e l e c t r o n   s p e c t r u m  a t  1 AU 
a g r e e s   w i t h   o b s e r v a t i o n a l   r e s u l t s .  The 1 AU spectrum shown may be   cons ide red   t yp ica l  
f o r   t h e   e x p e c t e d   e l e c t r o n   f l u x e s  at  the   beg inn ing  of  t h e  MJS '77 mis s ions .  





Appendix A7-I11 

INSTRUMENTATION DETAILS 

- LETS 

Thresholds:   150 KeV . 
& 150 KeV 
L3 200 KeV 
& 200 KeV 

4096 channe l   pu l se   he igh t   ana lyze r s  

4 l e v e l s   o f   p r i o r i t y  

10 command b i t s   t o   a l l o w   r e m o v i n g  a LET from the   sys t em;   l og ic   con t ro l ;   ove r -  
r i d i n g   p r i o r i t y ;   a n d   s t e p p i n g   t h e   p r i o r i t y  t o  a g i v e n   l e v e l .  

One would  monitor a t o t a l  o f   48   l og ica l   r a t e s   f rom  the  4 LET. 

A s i n g l e  p u  even t   r equ i r e s  44 b i t s  as fol lows:  

36 b i t s  = 
2 b i t s  
2 b i t s  
2 b i t s  
1 b i t  
1 b i t  

A l l  o t h e r  

3 PHA addres ses  of  12 b i t s  
HET /LET /TET I D  
LET I D  
p r i o r i t y  mode 
& g a i n  
l o g i c  mode 

in fo rma t ion  i s  g iven   i n   t he   subcommuta ted   t e l eme t ry .  

Thresholds:  a l l  channels  200 KeV 

Pu l se   he igh t   ana lyze r s :   128   channe l s  

No p r i o r i t y   s y s t e m  

9 command b i t s   t o   a l l o w   c h a n g i n g  Dg from  an a n t i  t o  a r a n g e   b i t ;   d i s a b l e - G  
l o g i c ;  and   t he   r e l axa t ion   o f   i nd iv idua l  G .  r equ i r emen t s .  The  above are l a r g e l y  
r e q u i r e d   f o r  t e s t .  1 

A maximum of 16 rates would  be  monitored. 

A s i n g l e  PHA even t   r equ i r e s  30 b i t s  as fo l lows:  

14 b i t s  2 PHA addresses   o f  7 b i t s  
6 b i t s   r a n g e   b i t s  
6 b i t s   r a n g e   u p p e r   l e v e l   f l a g  
1 b i t  Dg d i s a b l e  
1 b i t  G d i s a b l e  
2 b i t s  G event  I D .  



HETS - 
Thresholds  : A 100 KeV 

B '  100 KeV 

c2 -4 1 MeV 
C 1  300 KeV 

P u l s e   h e i g h t   a n a l y z e r :  4096 channels  

4 l e v e l s  of p r i o r i t y  

11 command b i t s   f o r   e n a b l e   e l e c t r o n i c   c a l i b r a t i o n ;   r e v e r s e   p m / t e l e s c o p e  
c o n n e t t i o n s ;   c o n n e c t   b o t h   t e l e s c o p e s   t o   e i t h e r  p u  e l e c t r o n i c s   s e t ;   o v e r r i d e   p r i -  
o r i t y ;   l o c k   i n  a p r i o r i t y   s t e p ;   l o c k   i n  a g a i n   s t e p ;   o r   d i s a b l e   i n d i v i d u a l  Gf. 

A s i n g l e  PHA 

36 b i t s  
2 b i t s  
2 b i t s  
1 b i t  
2 b i t s  
2 b i t s  

even t   r equ i r e s  45 b i t s  as fo l lows:  

3 PHA a d d r e s s e s  of 12 b i t s  
HET /LET /TET I D  
p r i o r i t y   c o n d i t i o n  
g a i n   s t e p  
mode I D  
C range 

A l l  o the r   i n fo rma t ion  i s  g iven   i n   t he   subcommuta ted   t e l eme t ry .  

WEIGHT BREAKDOWN 

LET t e l e s c o p e s  ( 4 )  
linear e l e c t r o n i c s  
PHA and  log ic   sys tem 

l i n e a r   e l e c t r o n i c s  
PHA and log ic   sys t em 

linear e l e c t r o n i c s  
PHA and  log ic   sys tem 

R o t a t i o n   d r i v e  and  mechanism 
Data Systems 
Power Supp l i e s  
Mech.System  and i n t e r c o n n e c t  

TET t e l e s c o p e  (1) 

HET t e l e s c o p e s  ( 2 )  

294 g .  
253 
472 
205 
143 
2 10 
255 
520 
7 15 
150 
605 
2 15 
415 

4 G T  grams, . ' 

512 x 45 b i t   s t o r a g e   o p t i o n  180 grams. 

POWER BREAKDOWN , 

HETS 1304 mw 
LETS 636 
TET 355 
In t e r f ace   Da ta   Sys t em 240 
MOSFET Data System  1230 
De tec to r  Bias Supp l i e s  - 75 

3.84 watts 
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Assuming 8071, efficiency in the AC/DC power converterlconditioner, the total 
primary power required is 4.8 watts. 
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"Solar  Proton, Helium & Medium Nuclei (6 5 Z S 9)  Observed  from  the IMP-VI 
S a t e l l i t e , "  T. T. von  Rosenvinge, F. B. McDonald, B. J. Teegarden,  12th  Inter. 
Conf.  on Cosmic Rays,  Hobart,  Tasmania,  August,  1971. 

"The Nature   o f   the   Rela t iv i s t ic   E lec t ron   In tens i ty  Changes  Du'ring Solar   Quiet  
Times," G. M. Simnett ,  T. L. Cl ine ,  F. B. McDonald, Contr ibut ions  to   the  1971 
Hobart  Conference  on  Cosmic  Rays, t o  be published. 

"The Mul t i fa r ious  Temporal Variat ions  of   the  Low Energy ,   Rela t iv i s t ic  Cosmic 
Ray Electrons,"  Frank B. McDonald, Thomas L. Cline  and George M. Simnett ,  
GSFC X-660-72-15, JGR 2213, 1972. 

" S a t e l l i t e  Measurements  of  the  Charge  Composition  of  Solar Cosmic  Rays in   t he  
6 5 2 5 26 I n t e r v a l , "  B. J. Teegarden, T.  T. von  Rosenvinge  and F .  B. McDonald, 
GSK X-661-72-222; Ap. J. t o  be published,  1972. 

"The Modulation  of Low Energy  Galactic Cosmic  Rays over  Solar Maximum (Cycle ZO)," 
M. A.  I. Van Hollebeke, J. R. Wang, and F. B. McDonald, JGR, t o  be published 
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"SoEar F l a r e   P a r t i c l e   P r o p a g a t i o n  - Comparison  of a New A n a l y t i c a   S o l u t i o n  
wi th   Spacecraf t   Measurements , "  J.  E. Lupton  and E.  C .  Stone , submi t t ed   fo r  
p u b l i c a t i o n  

"Calcula t ions   Concern ing   the   Evolu t ion  of a Spec t r a l   Fea tu re   Dur ing   t he  Decay 
Phase of a S o k  Flare   Pro ton   Event , "  J.  E .  Lupton  and E .  C. S tone ,   submi t ted  
f o r   p u b l i c a t i o n  

A18  



NAME: D r .  Bonnard J. Teegarden 

DATE OF BIRTH: August  23,  1940 

PRESENT  POSITION: 

RESEARCH AREA 
EXPERIENCE : 

EDUCATION: 

PREVIOUS 
POSITIONS : 

PROFESSIONAL 
SOCIETY 
MEMBERSHIPS : 

AST Fie lds  & P a r t i c l e s ,  Cosmic Radiations 
Branch, Cosmic Ray Sect ion 

Cosmic  Rays 
Co-investigator on the Goddard  Cosmic Ray Experiments 

on OGO I, 111, and V and IMP IV and V 

1962 - B.S. MIT 
1967 - Ph.D. University  of  Maryland 

1962  Research  Assistant, MIT 
1962 - 1963  Teaching  Assistant, U. of  Maryland 
1963 - 1964  Research  Assistant,  Adler-Westrex 

American Physical   Society 
American  Geophysical  Union 

PUBLICATIONS 

"A Study  of Low Energy Cosmic Radiat ion from  1961-1965,"  Thesis. 

"A Study  of Low Energy  Galactic Cosmic  Rays  from 1961-1965," 
JGR, Vol. 72, No. 19, Oct. 1; 1967; GSFC X-611-67-8. 

"Cosmic  Ray Production  of  Deuterium  and  Trit ium  in  the  Earth 's   Atmosphere," 
JR, Vol. 72, No. 19,  Oct. 1, 1967. 

"Atmospheric  Secondary  and  Re-Entrant  Albedo  Protons," JGR, Vol. 72, No. 19, 
Oct. 1, 1967. 

"Spectra  and  Charge  Compostion  of  the Low-Energy Galac t ic  Cosmic Radiation  from 
X = 2 t o  14," B. J.Teegarden, F. B. McDonald, V. K. Balasubrahmanyan; 
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"Cosmic-Ray Negat ron   and   Pos i t ron   Spec t ra   Observed   near   For t   Churchi l l   in  
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APPENDIX H 

INSTRUMENT  FACT  SHEETS 

A. Instrument  Location 

1. Sensor 

2. Electronics 

B. Weight  and  Size 
* 

1. Remote From S/C Electronics 

Compartment ( BUS ) 

2. Bus 

Scan  Platform 

Cruise  Platform X 

Bus : Internal 

mternal 

Boom 

Other  .(Specify) 

Scan  Platform 

C r u i s e  Platform 

Bus : Internal 

External 

X 

4.45 KG. 
30 x 30 x 35 m. 

0 KG. 
X X CM 

* 
If Dore  than one  remote  package  please  provide  requested  information  for  each 
package. 
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C. Power (S/C Power i s  2.4 H z ,  'jOV 
RMs Squarewave, 4-3, -4% 
Regulation) 

36 
1. Remote from S/C E lec t ron ic s  

Compartme n t  ( Bus ) Steady  S ta te  4.8 WATTS 

2. Bus 

3. Est imate   of  Maximum Power 

S teady   S ta te  0 WATTS 

Turn On ' % of   S t eady   S t a t e   fo r  Ms - 
Required a t  Turn On and Mode Change % of   S teady   S ta te   for  Ms 

Mode Change and  Length of  not   accurately known ye t  

Trans ien t .  

- - 

4. Spec ia l  Energy  Storage  Describe Power t o  heat  and d r ive   p i s ton  

Requirement f o r  r o t a t i o n  mechanism. 

Example: 5 wat ts  f o r  -10 minutes 

f o r  180" r o t a t i o n .  

D, Thermal  Requirements 
* 

1. Operating Temp. Range Prefer red  Temp. 

a. Proper  Operation -40°C TO +35 C 0 C cen te r  
0 0 

b. Out of   Cal ibra t ion  -50°C TO +35 C 0 

(No -gel 

2. Non-Operating Temp. Range -60°C TO +35 C 20 C 
0 0 

3. Maximum and Minimum  Temp. 35 OC MAX. 
With No Damage t o   I n s t r u -  -60 C MTN. 
ment . 

0 

* 
If more than  one  remote  package,  provide  requested  information  for  each  package. 
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